jlU io I j a JjJaJ! JLS' dUil 4jjwL« 





d-$_>-jJ 



.£ o-^lLu 



Hail 



^ ♦ 



0 ^ *3 





Jjbfl jIJLlsD^I Jlx^j 



<uUj LoJli L>s-c*>lj I_v2_v2_>tj ^v^LoJl Jl1*JI OJ-P 

^Ig JL*h J A3 yo SJl^J Ip J-V^ J-°J C ^_Lp 

C™>- c^JlS" c JjVl LajI j-WI . ( 1 ) <l^j^ 15'VI ob^Jl ^jA jzS ^>*Jl 

yS\ jzlj ^A-sJaJl jtJl^JJ S^L^SsJl L yaj Ls^aj>Jl ^-As^j jl S-m* L liS* jj& jj>Jl 



AJLS^ ^1_P (J ^_>c_} t ^ .4«^3 CjIj ^-A oJl 

JUJI ^Jl .,^JI ^ SJL~ 4 _Aj jJs? j C wbJL*jJl 4 _*JLj oLo jJaJwoJ 



4™Jl oU ^SC<Jl ( j-<w^ J-*jo oljj ^wwJl ^ pLo^a^/I l^i ^jUJl 
oljjj-s-wJl S_>j_JLJI <\ jg ) V 1 Lfj J^pLAxJ (JJljJaJl c l ^ «a > U^9 j 

(2r° (_5-^ jA*_» 4_JL_Jl ^Ls^s^sJl ^3 SjjL>cJ| oU jjJl . 4 « * «« la li 



OhXjtaL^- e_ijL*-a w\J Lfr^Lp c Si^ ^_x_^«Jl 4_^P j-SJl C^L*^l_vaJL>“'y I 

4JLsJl f-Low^S" y^Jz^J C ^/gyg>buJl V^>tJl kwJU>“ .^./gygSxlll 0 Jb JLwi Jpl ^Jaj 

4JLJ| J^o-P SJL jJaJ SLUJl ojj^aJl ^j-o-v^ Aal^Jl jLSsi^l SL>15CJ O^jl^a Lv=2j 1 
(wjllSvJl IJlA IjJ jL>- Jij .l^_*3 ol y J-oAJ L^oUx^.^/ J A^CsJaJl 

.^^JLxJI ^LoJIA^I O-*!^ A^wkiLw^Vl ^JjLwm^AJ 4^vo-A| 0ws^ ^y>0 yd\ 

ijlSoI oJlp Lui cJl5 c^lisai IJla ^wa>J yy~ 



.0 ^JcLoJl 4^c*JfiJl 4JbJl ^ aApU ^^L»o £~a ^llSvJl JwoljCb • 

. Sj y^./SS ' ^\J S ^L^Ow^SAll C1jLww*>Lw*<I ^-Lp ^^_Aj y&J ® 

^ AJl SilliJl jl SJliJl S-s^-aL>Jl <CwwJl l^_>- j^a dJJAjj 

. P I (1) 



W. H. Glaze, «Environmental Chemistry Comes of Age,» Environmental Science and (1) 
Technology , vol. 28, no. 4 (1994), p. 169A. 
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LjJ I ^ Ji 4 U^_A I J^S V LoL*/? J L>c_^_; ^ JJL j ® 

. ^uo^vJl oLLv^Jl *y^~u jJL c cj jJl . a~!I 

^ 4lLVl O j»L-lj 1 JIL Jjja^o ^ ^-j-Lj-o-Jl ^0 JLlJl (_£^>- jij • 

L*^o 4 _JiJI Llygall Jajl j»L»JLA Nl jJ jj £» t oIjLaJI ^^s>- 

.jJuji *llI ^ j 

L~>=-Jl Ol jJ— « j-iS^ (iL 1 g ■ ...“^I) 5 yj>~ JlC- *— ■> LxSnJ I IJla Ljo 

^jJl i_J*>UaJJ oLjwLo ^jjsLj -4“Jl *L«-J-I ix—aljJl ojJL>t_«Jl j*_JjcJIj 

£>jUL> J p. ^ :SjLlLo J*>L- ^y> Uj_>-I ljJb»-j drd"^ LU-Ij'^j 1 0 1 I jj>- J» 
‘UojJloj e-L»— $UI j »— 9 ^jS LsjLj ^y> oLJLlj (_$Jl!I ♦^■jJI l «,<? >_ I ( y*JLij .<lJl>x-> 
t lj_J«-l . Brock University Jj Queen’s University ^jJ U-L—Jl oLLjjJl 
J-* LL_*J jv^o-c-jJ jLiJL LJ j** il il Jl JJ <e>-J t. ^y> y^> Jl <l>-j J-pj 

Jilju>JJ JbUl J 1 J^-L jlJLl«-i jJj t i_jIi5^J| Ula jl JL 

.<Jlp oJU L Jl IjiLJ Sjl»JI jJVl 0 Jla Jlp 

# . . . l-t~>- jlSj <uii- > ( Ji J' “LJl Jjj ■ ■ ■ ® 

. 1.31a j^jJcJI yu* 

1999 (JjVl jjLS') 
jji jli .j <^jU 
Ji .£ J~~- 

5J JLmJI JL— <jl 1 — )L5" 

(J j «,<? s 1 1 oLL^_> Si jl Jl UJ_>c_»Jl JL— «JJ J»LSUl i_jL5L)I J^jo 

<http://www. : ^jLSUJ jiJJl Jj-Ll J PDF luLJl» <*•>/>> 
oup.com/uk/best.textbooks/chemistry/vanloon > . 
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^JilDl Ju 4 oj 



0 Jl _ JlJI i_jllSLII JL) J_*j C~siijl ^Jl LLalyL~a <J*>Li- 

ojl Jajl d - - >- ya ^*>»! jJl ^ ai ll ya Jjyj ^J»P £y-sa 2 yaJl I j-A iy>JLoal C ^J-aLJa 

ya SAjJ ‘LPyaJata 0 ^*3 y d - ~ a»- ya c 0*3 J I t^J ^ iS aL^l^f- <Oa-kl ^J-P 

ya <L*Lp y yL>o La ^y?j*yi y* ^ yS>rJ* (j| .y*- LL^ j-^U OojilS'^ll OaljOstlJl 

j-^J 4— — jL>Oa oLa j ]o «/> 4_*_«JL>c_«J I 4-> yJlj a-LoJlj a-l yj jl Jal ya ^-dj- 0 



’(j^y* 



j^-3 



OL ySL, a y^ 



.<laL> 4 jJL >o Oil ijJl 



‘J-LJl y> .JjMl jlJws^l J-p oJ-jLJI oUaj?-*iL«Jl y> jJ£ Ljjjj JJjJ 

4j>jLx-a ^yj»P yp A.JbLs^J yp fc lllSLJl ^J-a-*JL***aa ya *0>- idp ^*P laLoL>*jVl 

OyX jJUJl Jl iLaUJl S JiJl yPj (LJlP alljl LJjI^ ^Jl) O JaL-Sfl 

( J-P oLSLa Jd' ^3 i a*>UaJl .dpLy £~a| Jl j j la > a 1 1 d| .^'y/’ya-L! C.-Sac-I yj| 

yjj JjL^oj Jj tJ aJl3 1^-3 jylyij yJl ySLa^l yi>J N JjL^oj y~>- jiJ Jaj 

LJjL>- iJ_>j_><JI jlJ-s^Nl IJLa Jj .LsAjI ^_«JL>t_«Jl J yy?-Sll J 

Jl p ialk>i jjl a-ly-J ywixj yjJl Jl Jl^JLaJl IJLa Jlp «-LJIj a-LlJI 
l OAj J l^j <Lo«daJl^ 4*^*3 ^Jl^g 4»JyLaJl_9 4*pl^)jl_j 4_^P l * ■'/J ] I eL*>tJl y>-ly ^*aa^- 

.5 JLaJlj 4y*Jl oIjJJI y» J’ J 

I JLkJl J| Lj>^» yijJl J*j>- yg j .,<? >a-J lUL^I yLsI Lva-al 4_aJ C-iLS’j 

SjLJj <JJj>c^J| 4-lLaMl J-C- a-Laj^L) dJJi J*-S Ujb~ jJj ,<L«JLl>e-a L 
j|JwS>)Jl J 4-JJ L-a-yglj t^yajJl jj-o— ai (( i~~d j QsLaj# L,^> il Ll*-/>jj .LaiJLs- 
^y^L^aJsJl 0^ J 4 _)lS— I # ^ya bj_c-j i>J_>J_JI JL^«J| J-jJ-JI 

,4-d-wJl JjLc^aJl yj3->fLj ^ aL^-o jJU ^ cLalyJ-AJL) ^L^aJl ^Jl aL^-L>aJl o^Lp L)yya>- lyj 
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oULu i ^~*oJl o'yLsx^jJl ol UL> oo>iIj 

La <bloSj * y Ji SjIpJj SJjJj>JI ioLJl 5i Lvi| o ol ^ J-alij .oJu-U- <di»lj 

(S»l _^JJ /S'! vjI^JI Jxsr Jl oj! JLi JjVl jlJL^V 1 J kfrj* oU 

j^Jl I jjs oOjli jSSl J 

4-*- a U- (_£jJ 0 jJ jU (_£jU *?h»j j*-CO i Lo jl j& 

Oj-^JI oo_jjLa o«_aU^ (jjJ jJ-ol-x a-*>Lojj (Queen University) jjj-J 
.Lj^-al t (Mount Allison University) 
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1*xa o 

jj I ^S^xJl 2.1 

9yy 

^U^Jl ol JJjr Jl 3 • 1 

JjpLill 4 . 1 

' 

^*^1 
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JjVI 

yr 

>;vi yr : jbJl w UaaJl 

^Jcsj JJ I e-\ J^jl : L y>j')l\ y- 1 . 2 
Syr'' ^kja\\ 
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74 i_£ jJ«-| yS j oL»Li 

76 (_$ ^i-l o*Aplii!l ^4 ^il 

76 . . . j» jtil oLL-jM ^ill o*iVpliill 

82 IS JA oLLJ-l 

85 aJj-sAJI ^La-S^JI oMpliJl 

89 JA jJJrl oVi 

93 4-pIw? S-jLxi- 5 oiU jJ^Jl jjj>- 

95 £^-l y> 
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571 

574 

576 

580 

580 

585 

591 

592 

595 

597 

597 

597 



J&\ jljL.^1 J oUjjSII 

5k-i^ Q^kJi j* 



I j>MJ ( _^l ^ >2.14 

_> jJuV iiMp 

JjJl j_>, >1 ^U-5 3 . 14 

. c^ojS • >lll SjJJcJI \> yia ^$1* 

II }>V2 iJ ^- 1 UW. J' 4. 14 



»_j *lll ( j-j <L>till <jj-a*JI jI >1 5 . 14 

-r—'-Jr 1 j' 

K d £j_> 

Si J >~ ^il ^ll Jm 3 ^4j-s42^Jl I jlygLol 

i™ 1 > 

^^JlO^oLx-o 

Ai'j JjibSjVI Cxi £)j^' 

cij^ 1 » 

4*JuJl CjLpj^J! C-Ayg ^ jj dJ*^\>jLx>3 

4^ :; ]gll ajuJI ^ ajj jjJl iolll 6 . 14 

<C*x*o (. 2j jl? (1) ^lll CjL>_j jaJI 

(J Lyg-j. ygj i 

£j>“l J>S 

J 2 '--* 

Sjj > il »-l Ol Jj J--JI : j-tp j—frli-l J-. fr3 .aJ I 

<bj >11 oLygxj.1 i a««yg~ 1 . 15 

1. $J>J.I ufi*^ (Jp (*4^Jl i^a-XvaJl 

L» 
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598 oL^kaJl 

599 

599 

600 <uliU oIjl 9-j 

600 S-tJl ^y>\ J~\ Jp *JUJl ^Lw=Jl 

601 0 \ .s> a jp *4lJl!l i a.. .,s>~\\ 

603 jj ol.ii-1 jJLa* jp »jliJl i^-a.-volll 

603 oLsl _^Jl 

603 oLsI 

604 4-1 yj all 0 jl jJ-l Cj\s>-j 2 jp jvjIaJI 

605 USLUI oU-Jl Jp *iUJl ^Lw=Jl 

606 iijji • 4 jj jS^il ol jj I 2 . 15 

607 <u«jLJI Jp_j frill ^ o^j^SUI ^4 jjI 

611 5jj-^-I frliSUl 

612 ... pH = 7 jcp S jl~S4 j Jljii-I o*Aplij : pi? (w) i*J 

614 ^ Jl SJ S"Sfl J-oIp -uL^ C^JH\ 

615 oJu^SI J«Ip ol ^Jl 

616 o-L~ 5I J-frlp L^avs^j objj-5l]l 

617 iyJ-l MJ iJloJl 5J S'Vl : olJL-Sjll -IjuII 

619 . . ijJ-l *131)1 Sjl~s 1 oUT jst ai£ jJl J» j*Jl 

624 o&~&i I i5jJ-l v^' 

626 4jj-yi*Jl o.slll ^j-o frill (_£ ^>ti (_£ J*4 j~i 1*^° 

628 _ji4 ( _5* 0 _jj^ 1II (jL I j»-5v>ti!l 

: <L>j I oLyi*J.I If; pja> ^yJl oljj __^~Jl 3 . 15 
630 jiiJl ojj^ 

632 pi' c~S 

633 ijzJl iJljl 

634 jl i^Vl 
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634 

635 

637 

637 

638 

640 

642 

643 

643 

644 

645 

647 

648 

652 

652 

652 

657 

659 

661 

663 

668 

670 

672 

673 

673 



I 

£> ^Jl 

(JJLdl) JjbJl 

J^L 



! 4j^ dJ b. jJLi ^l]| \jj 4 . 15 

-Hr 5 ^ 1 'JJ- 5 

<Lj-^i*Jl oilll kLLSLL *LjI Oo^£Jl y_j £- 

ohjj-5^]| SJl^I 

(l^JljaS-l) oli/l! ^Ujj. 

0.il^O>^>U £^-l J* 

J 5 ^ 

O^all oLL -Uj L_o_OnJ I 4^-lxllj s-lll O jJL ! J./jall 

V OjUl _a-* L> 

a Li' oJ j>- ^ 2 ^ oLtf jj 1 . 16 

O jJLlI frbi 

:lLJI 

S r ^ 

l^JrLwj oXAi’' oLo 2. 16 

<Lshi!l j LoL-Vl o!5LLLs)I oLo <LA-l*^ oljj 

LoMiJlj 

jSiix]\ frJlj^l Lol~fr-5 ol j£- 

oLL^jjUI <Jlj^/ Lol~fr-5 ol j£- 

Q*>U>all oLo ^yt Cx^tj illj} 

LaJjO Ajj 3.16 

AjJ jS\ ll Ajyjl- 1 illj^l 

cyrj *ij j^ll iJljVl 
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676 

677 

677 

681 

684 

684 

685 

686 

692 

696 

697 

699 

699 

701 

702 

702 

703 

706 

706 

708 

708 

710 

711 



oLwfl Aji-l*i 2^1 jJl 4 . 16 

^>-1 _y 



viJlill *y *} I 

(^jVl Ja^JI) i^Ul SLj 
a»**jLJI aLu ! ^jLJl 

Aj 1 • 17 

aj^JI O^Lo 



^L^SOl 

h&J Aj j v? *J i o^lll 

^-o-> taLw^S"! ^Ij 

Aj ^J l 0-^^^ ^J-3. 

^>-1 y* 



^.y '■ y* jasji j-^' 

5JL jJJI iydl 1 . 18 

^yy^ (j"^ 0 

(L^aljS) 4 JjJI <L)L~J 

LJI 

SjiliJl 

ijLxi-sGi o^y~ ^ ^ 

usoi^lji 

o ji ^J.1 

^L>- jll oUjj*yi il^Lo ^s. ojJLill 
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715 

717 

719 

720 

722 

724 

727 

728 

729 

731 

732 

734 

736 

738 

739 

743 

749 

749 

753 

755 

756 

758 

759 

763 

765 

765 

767 



la <b yJl ya y I 

iyJl J-alp 

(L&jLo^j) <uyj| oI^a 3 . 18 

<bdd^Jl <Uv2^Jl (J 

ijldil J y~iJl *ij 

ISJWI (J j ^o ylll 4 j y 



4j y!l <iLs^ <u!io ljlyg.9 4 . 18 

<byJl y> oL J^il 

LjUaj y ya d->! ydJL <L *> yiill 

iydl jlL oljLil ^Ui> 

d^l yjJl^ yo^-l ^a Cj^pLjlJ! 

(Jd^J yJl j^y I ^L^SCll o^IpIaj 

yo^-1 (Jdxj yil! 4_>y^-l cd! 

<Uyg.o. i-\ olly^Jl <by 

^y.a'yij Ajjlll iydl 

iydl ^ yVl ^Lx*^aJl d^uil 

£^>-l y* 

^ 



SJL^aJl 0 *>WlaJI 

<U-ww^i-l ^uL^Jl ya 

o^L^il ^bujj yp a^UI <ulv2Jl o^L/gill 1 . 19 
ojLsAJI jS> oUlixil 

wddo j*5vJl j*l>- oL-w*» y 

y^Vl yJflJl 



AjyJz * Jl Cj!>L^2a!| 2 . 19 

oUl y^-l 0*^423 ya ^Lll ^yalpxJl 
Jjyxlll 
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771 

776 

779 

781 

785 

793 

793 

797 

797 

802 

804 

808 

808 

812 

816 

819 

819 

819 

820 

820 

821 

822 

823 

826 

827 

832 

835 



oL?- 

(_£ jl*J (jUaJl y 

ikkUl jJill o*>Ui 3 . 19 

J4'>' J 



£^-l y> 

J 51 ^ 

ol.L.J.1 ! jj i jJls- J.ii^all 

fJjjJ-l olJLil ^ U 1 . 20 

LlU-S' olaJ.1 jl jc~.\ 2 . 20 

^y yjl}\ 

1 

Ji j~i- dlSCixll 



SJl^VI 

(JI>-VI)^rj>l 

kil5^x]l 

ijj-J-l ■^cr a ‘ L *ct^ s 

ojl ji-l 



pH - a-111 ^ 

Jl O^lll _ P-llI ljj>- 

_ f-lll Aj j *. Jl 
. . . olJuil cJ^1>x*jo 

oIJLwO AjS* j£»- 3 . 20 

</llj5Jl 

ji^S. ]l 

iJuli 4 . 20 
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838 j* 

838 JSL-. 

841 J^lJ. 1 >jVl J-2l— • : jj cpU-l Ju^aiJl 

842 

843 jJLl 

844 ,ui 

845 L^Ul 

847 SjJLlI ajlJI oLJj>ti]l 

850 Jl>- 

851 

853 w^Sh S^l ^l>- 1 - 1 J>Jil 

854 . l^-s <kS3l j <uii>J.I <uJ-l ol~Jl 2 _ I JJadill 

855 ALlj 3 _ I J>Jdl 

856 1 _ ^ j>Jdl 

859 oL5 ^llj 4^5wibji j» ^sJl 2 _ j^>Jdl 

AH (kJmol -1) laJijJS ji\ 1,1 >1 oUj&Jil 3 _ v j>Jdl 

862 jilS 298 Xp 

*j\i\ JJUAl J ^ Sfl j ^^J-l 215^: cJjJ 4 _ v j>Jdl 

863 25 Jjp- 

864 o*Ul JJUJ.I J 5J S'Vl j oU^S 5 _ v J>Jdl 

865 L-L.I cJjS 1 . A-' J>Jdl 

866 oISMpj <_£ ^dl j»UkJl t^- 5 ^ 2 _ Jd j>Jdl 

867 

873 _ ij)j& ol»rlb«<gU c.»u 

883 )j)j S' — ^jA^xj\ Obrllj.^ll C..U 

893 
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ft, \k lfl~i 



\Jlw^\ CjLjlIxuJI ^ n^-> dlmlm 
^yjj-adl All I JLlC dtUJl SjJLl4 



olS <U1 aj o'yUx-a ^ IajL&I y y>- yJl U^LJl oi^J a jJ! l)I J ‘wwJaj 
j-oJwU L-w-L^I 15 4_3 ^_x_oJl t Ls_3 0*->s— s^l ^3 ^_*Jl yjULU 4_>jJj! 

dlLJl o^wLo yy (1 )jL*jl!L> oJ_a j_aX5 ^jLj c ^yJLiJlj ^^Lvsjls^I 

^.Jp <Lw5j jU^ ^JL j c <Lo«>- JX . U A_o ^ xJl <LgJaA^Jlj «LjJln!! j ^ jl*l! y^xJi ..Lp 

! l^Aa j t p jixJlj <LjjxJl <uiJL y^xJ yJl oLw^jJlj ol^L*Jl ya 

_a1428 ^3 JJLxJwoJl Jl <l<»pJ| y>Jj_oJ ^yjLxAJl oLJl !^(jl 

<uJ (1 ) j_^j d)lj c i^jj-xJl 4 x_UL ^LoJL&'yi ojjj-v^ Ji5jj cS*^ j»2007 

<LyxJl 4xJJl jj-* 2 J>- cPj^-j) ! ^ La ^^Ip ^ 2 _i C™>- 0*>Lalx^Jlj ^yd-xJl 

.(La^pj Ojyo^Mj c j dJJS y Ly tyoLoJl 



4_Oj^w*Jl *Lo jxJl 4^LowoJl ^3 ^<LjJi)Jlj ^ jAxJJ <LjJ^ jJl 4-*^L«w*Jl^ ! LuIj 

t jlxJlj (Jj yiJlj t oL-«Jl ! ^A 4_^>c_o 1 yL**<j ‘LjJL 0 jJXS' y.A>4 ^L^ApI L^JP (JjAol 

A^XjCj l <L>jy*eJl c(yLJO jX^aJl <LwALjIoJ| oLaJLJIj l oLjL^5 j yJ!j 

t (1)1 j_JaJlj f-l yg a llj c oLj j */3 !l J o'y Lv 2 jM I j oLJjjJlSLJ^Mj c oLa j_Lx_oJl 

. AjL-Jl j C iajJLuJl 5 j-oJlj CAilkllj 

*\j>- La Lvijl JJLaJ yJl ^yyJl y yi>c-<>JJ <dJl Jup dLLoJl oj^L-a ! LJU 
f-l yj eJ d^> tCu ‘^rtj-*-*' 1 4_i_Ul jj .^> yp ^jl JllJI 

JjJxJ! -^p ciLLoJl 4Ju wLa La JjLJ yJl jLL-oJI ya ^ Jp j^p jxJ I y yL>c-oJl 
ojjfc ya j .L^P-jU*-j <5LLo-oJl J5“l^ 4_iLl>s-a ol^> ^a (JjLxjJL <U^JLl!lj ^ jJ-xU 
^^Ip AIpIjJj y> jj J5w< ^^Jp jwUJl yj-*Jl y jl5>«^Jl jAxIj La ^jLlxJl 
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Lo^j t ‘two-L*Jl c i^xSsJl a^j>- ji) La l^Jwaj t c^jy^y I 

iiJLJl Jl ^ >Vl oUJJl ^ i^r JL i _ r JuJl ^ ^Jl *1 Jl Jlp JlpL^ 

. wLol ^L Jxj J_£jll!l Aj j J i_3J^_, 



l^L*J|w ^ill oLilJl JS* ii^L, ^Jp l^^L~Jl Jgj^xJ 

Lw<>J I p L*_>- j-a <J jV I jj-SL) (wJlSsJI Oj-jS-Ij a j_L*_U ^ljJ^jJI 

L^>- j-a Lalp LLS' ^Jli!l J L L?cal>- LLS* Jllll (l)j^JJ t 4^llJl iJJj ^ lijj^ca 
JgJLsiJ t <U_l_Pj .jlS\ j\ Ss>~\j c-jLlS" dLL ^JaJo J_i j c ^j « .o.^ ^ .<>. !l 

1*}L> ^LPj-o-^a La ^Jp loJlluJl j I oLllJl ‘w^lS" 4_L*J-w*, 

‘LJwiJl j 4-wo-L*Jl ol>Jlg^ JJ 3 jJj^a JLJ l_^LlS" >- Lo-S" c L>»>- LLS* 



. -gl 4 _L^-LwJ 1 d& ^3 OwLgJJcgJl 



oL^al ^ ^LlSsJI l)j_Ssj (1)1 L^Jwa t ^jLx-a Jj IwJLSvJI *LUl ^ j^>- JjjJj 
j»Lp Jl*~> jJ-v? J-5 llj (. LwoJLp j ^ aZ-i c <Ljwii]| dlL, ^3 iwJL^Jl 

(1) (jl J C 03j Ju>c-a li i_J*Uo l^J>o I (1 )^^j d)J 1 2000 

^P 4*o^- Cw v»pL^J| L^j k. <jJ I I <t*JJ L Aj ^x5L« l^JP I 4>c-wvwJl 

^^3 >w« *J5 1 Ljp 4 _>s_£jj ^pllSLl £j_v^j-a (1) j_5Lj (1)1 I j-J>-l J t J>- 1 4_*J 

(J^L>- ^y* 4j^Lv 2-3^ 1 <LwgJjJl <ulgp ^3 ^-^LwvU j t 4-J^jJl Jl, 3j_g_>- 

.^^1 ojLj 



1 oIa ‘LJwlJ J A jlU JwP- iLLoJl 1 jJ-A d)| 

l^jju 3 J^J > Jl ^Jp lo-^“ j^iJ ^LoJlwoJl j5w! (1)1 3jlj t iw^xSDl ^j-a 

<• ^1 j^Jlj 4^>-l j-aJIj !>->“ jJl iJlxJl o3 J^>J| 

4_X^>cJJl j£~Si\ Lg^ tjlj>c_,^/l 4P 1 jJLo-U LgjLlo! 

(.iJJhLS*^ ^LgJaJwoJl ^3 LftjL>c_»| lP c_3l 1 L^_, !?■■>■>' I 4P^-g->s-g-L) 4 -w<>»LaJ| 

Oj^L-a wLjLJ (1) j_*jLo ^ jJl 4-jJlJlj ^ j_La_U Ip dLLJl lj-La ^3 ^^Laj 

.^, ^I>c-g-U Ul wLp cLlLgJl 



_» 1431 /3 /20 ^LJI 

■UiAlilj ^ jlxiJ ^LLJI j~J; 

Jj^JI JJ -U^> .i 
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L~\\j 



AcE 


acetylcholinesterase enzyme 




ANC 


acid- neutralizing capacity 


0 ^J-\ Jj-bu* Jp SjJiil 


AQI 


air quality index 




AROTEL 


airborne Raman, ozone, temperature 
and aerosol Lidar (see also Lidar) 


OjJjNl jL«! j jljJ 

jl-lJ AjjjM oLiixilj oj! jX - 1 

(Uajl 


ASP 


activated sludge process 


oL«^-! o jj j*** 


BCF 


bioconcentration factor 




BLM 


biotic ligand model 




BOD 


biological oxygen demand 




BoQ 


bay of Quinte 




CB 


chlorobenzenes 


jj&\ OJb 


CCF 


chemical concentration factor 


ju&sysj&y* 


CEC 


cation exchange capacity 


i^r jll oUy.Vl iliL. Jp 


CFC 


chlorinated fluorocarbon 




COD 


chemical oxygen demand 


^u-sdi tJii. 


COH 


coefficient of haze 


j-u. 


CP 


chlorophenols 




DDD 


dichlorodiphenyldichloroethane 


J J±i Jl yJbd OltjV! yJbd 

(DDD) jjKJI 


DDE 


dichlorodiphenyldichloroethene 


Jji-jJl (jJbd Auj-'-S' (jJdd 

(DDE) jjKJI 


DDT 


dichlorodiphenyltrichloroethane 


SjjjIS 

(DDT)j^JI 
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DIAL 


differential absorption Lidar (see also 
Lidar) 


j|j-J jJaJl) S 

(Uajl 


DOC 


dissolved organic carbon 




DOM 


dissolved organic matter 


aL O^L a 


DTPA 


diethylenetriaminepentaacetate 


ySUJ obU- 


DU 


dobson unit 


j o-b-j 


EC 


electrical conductivity 


Ul aJ-sU 


EDTA 


ethylenediaminetetraacetic acid 


uA~d^' yAS obU-l 


en 


electronegativity 


jj y&y\ aJuIs 


EPA 


(US) Environmental Protection 
Agency 


(LsiySt) iu- ais'j 


ESP 


exchangeable sodium percentage 


aJ^LJJ JjUJI f jj* 


FA 


fulvic acid 




FBC 


fluidized-bed combustion 


yd\ 3\ 


GAC 


granular activated charcoal 




GUS 


groundwater ubiquity score 


iJyLl .Ul jLiiVl o-jj 


GWP 


global warming potential 


(J jl AX^a 


HA 


humic acid 




HCFC 


hydrochlorofluorocarbon 


lSjA^JjAA' -A) A* 


HFC 


hydrofluorocarbon 


t/tti AkA® A) A* 


HM 


humic material 


iJLo SjU 


HNLC 


high nitrate, low chlorophyll 


JAuA^ ‘ yu 


Hu 


humin 




IP 


inhalable particulates 


aLUS 


IPC 


isopropyl-N-phenylcarbamate 


JcJ-N J-jjjjjJij 


IR 


infrared 




lc 50 


lethal concentration 50 (concentration 
that would be lethal to 50% of an 
infinitely large population of the test 
organism over a given time period) 


(7.50 VA iA jJO 
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ld 50 


lethal dose 50 (dose that would be lethal 
to 50% of an infinitely large 
population of the test organism) 


(7.50 i~«i! ip Jr\) 


Lidar 


hght detection and ranging 


asL***^ jblj) jld»J 


LPG 


liquefied petroleum gas 


<Jl_***a ^laAi jl P 


MAMC 


Metropolitan Area of Mexico City 


Sv 0 OJca <1 o\o'.a 


MAS 


magic angle spinning (in NMR) 


dtt-'j-l' tj CijIjJt 

NMR 4j y]\ 


MIC 


methyl isocyanate 


JJLll cAVjjit 


MMT 


methylcyclopentadienyl manganese 
tricarbonyl 


JA 11 JaA 5—A.i i/'te 

lSj j-dl 


MSW 


municipal solid waste 


aJu/? Aj J»L> CaIjIaj 


MTBE 


methyl tertiary butyl ether 


Jill I-55C jSH\ obUj-i 


NMHC 


non-methane hydrocarbon 


dA* jA AkAjj- 1 -*’ 


NMR 


nuclear magnetic resonance 




NOAEL 


no observable adverse effects levels 
(also called LD 0 or LC 0 ) 


j\ LDo ) ^ OjLs^ 

(LC 0 


NOM 


natural organic matter 


s» A) yj3S- Si la 


NTA 


nitrilotriacetic acid 


i J'M w 


ODP 


ozone depletion potential 


OjjjVl t— <C j j3 


OM 


organic matter 


Ajj^aP Oila 


OMI 


ozone monitoring instrument 




PAH 


polynuclear aromatic hydrocarbon 


i_S_A ' lS Ja* CljjjSjjA* 


PAN 


peroxyacetic nitric anhydride 


Ji-I Jc__S-l J jii jyjj AbAr? 


PAR 


photosynthetically active radiation 


a)1*3 j \ Ak-lj yjs JjL£ A*_JM 


PBDE 


polybrominated diphenyl ethers 


(“J S-i-bCC. J-CjiJI J> Uj CjI jdi 


PCB 


polychlorinated biphenyls 


j yl^Jl J^a!| oLjUj 


PCDD 


polychlorinated dibenzo-p-dioxin 


-(■ - J~SyJ 


PCDF 


polychlorinated dibenzofurans 


jjKJI J\£ 


PCP 


pentachlorophenol 


jylSUl JjV 
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PM 


particulate matter (PM 25 , fraction of 
fine particles smaller than 2.5 im) 


— J Jl PM25) A- SjL» 

S' Lg—uULa 4jLjUJ1 oiwd-l 

(dj 2,5 


POC 


particulate organic carbon 


1 Sr** 


POM 


particulate organic matter 


Ajj^aP Si la 


ppbv 


parts per billion by volume 


jLL 


ppm 


parts per million 




ppmv 


parts per million by volume 




PPN 


peroxypropionic nitric anhydride 


A«Au^ AbAr^ 


PSC 


polar stratospheric clouds 


<uJa3 4j JLaM A y£- 


PTFE 


polytetrafluoroethene 


iJbcll 


PVC 


polyvinyl chloride 


Jjj j\S 


pzc 


point of zero charge (pH 0 ) 


Jl <lj>tJLll aLaj 


RIRF 


relative instantaneous radiative 
forcing 


JLiJI 


RPP 


reductive pentose phosphate (cycle) 


( 0 jj-i) jjixJl oLL- ji 


RSP 


respirable suspended parliculates 


aLIs AaLxa Ia-ww*>- 


RVP 


Reid vapour pressure 


JjIj jl>*j Jgjt-yg 


SAR 


sodium absorption ratio 


j-vaJl 


SOLVE 


Stage III ozone loss and validation 
experiment 


Stage III ALa Jlj (JjJjVl y/9Ai 


SOF 


soluble organic fraction (of diesel fuel) 


(JjjjJI Sjij ja) f-jAr 


SPF 


sun protection factor 


^ Uj-1 J-Ip 


SPM 


sohd particulate matter 


<uLs<? Oila 


ss 


suspended solids 


A-lv? oUl*-a 


TCE 


trichloroethylene 


jajjX 


TDF 


total dustfall 


JS3I jUJl Jk> 


TN 


total nitrogen 




TOC 


total organic carbon 




TOMS 


total ozone mapping system 


J^Jl Ojjj'yi JaJaii ^Uaj 
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TP 


total phosphorus 




TS 


total solids 


USdl iJUJI Jl^l 


TSP 


total suspended particulate 


usaiaui oUd_i-i 


TSS 


total suspended solids 


3-lSdl iJLttJI oULdl 


UF 


urea formaldehyde (polymer) 


( Ij djlf- dJ La jjS 


UY 


ultraviolet 


Jji 


voc 


volatile organic compound 


jUs jA 


zpc 


zero point of charge (pH 0 ) 


Ajji-vaJl ikij 
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jai j^yi 



La Jl a wa $Lja3 AllLai Igjl Jc. Jj Jalll L . ^ J 

Jajuij J Jux'l Akjal £13 Jl L»^\i tilli lj.l^j J ^)*kll Jc-J 4 4 ijfr>.Aj 

Ja-o jl (_kl.lA ^j-q *Lgj (^ul 6$\jJaall A.\\h*.a .S.iLa1I CjV j^il JJjll 4-ajl.lll 

. $I_JI j $.1.1x11 ^J»lj (jl v , l*> J AMj CL-Jl^Jallj j£ll ^)j«li U' c . V>J lilj 

JaJI ^j-q dll jJjuaa V j L-fl^A-sa <_£ J^a jj V t$Ljaall A\)k*.a ^Jj 



^)JJXJ J liik jLl ^1 4j] L ** < l^lxx-a (jVI (jl^joi JJlC. jl£ .lal 

lgj| Jc. t^jjll Ja^,j cCjUxI^aII j jJI Jj Jsull 1 nKxL J£ J . $Lja3 <lliui (jiajfl 



^ < L»**< . " *< ^ ^ 1 Vi t <<*•- ^1 1 ^ \ ^ ^| j’\‘‘h n ^ | ^ \ L>**< . n < l ^*<\\ aJjLs ^ <<*•- t ** < 1 <1 

ojjxx^all 4 ijQmll ei& IJ^jJal < (j^3 . ..^Jj ^>k^, (jjtjfllj A^cJ J V] .lUllJj 

.L^a^L-aj J-aJ V iluull 



(,) (K.E. Boulding) j-L4* .j .d 
1966 



1993 — 1910 OJpsil ^3 (jjilc. ^ '' ' *->' y. (jjJ (3>JJ jC-t-uuj ^-wiljJJ lajoiUj aj '' ■ • ^|"' 3 ' (J^j ^ ^ 



35 



36 



cJ J^\ 



♦♦♦ ~ 

Environmental Chemistry 



JJC- L_jLiuiVj -4-ixa jLlLa 4.6 (jj Jjall (_J^-gJ 

( L)^ ^ (j-° l.g.*a)^x*G co_^-a] 1 ^3 <S j;-^"^ A_ujJ^ ^ - \\ au .'-n. 4jj£^q 4_<uc. CjIjij 
^^)Luu11j ^j^aLlijlVl ^Aluil A^Uall .liljJ £-gj .S«lllja-G ^aJjjllI j ^j>il ^ViVIj 

t Jlxj Lcu3j c^Ljaall ^gJl AjIaJI ^ dl^,^)^,j .S^jl^aJI (j-o SJjIa ^jjLLg Cj^] jJj 

ajI jj Cj^c. (protostar) ^ ^ i 

j - Jkl ^yAjJsk (jjlj <^1 aIjI^JI 4Bl_la]l 

^Jc- i**'L»al ^ Ajj!3 L$jji ^Lg^I dL^Lc-lij] J jflj Jj 

.^jaK (Jj^Lg cs^ 



<_£ I (jj^J (j» 6 *^ (^^1 tilJj <*JaUI JjJI d^)£1 (j£-g-g3I ^j-g jl£ 

SjLgII sl^j dlSjJj . ^tuLuJl Vj C**n*nl till]] 4 ^uiJIj Lai 6<3^1 Lg]| (j-a 

(J£jjJ dl^jl SjLg I g a ^ C^JjO-GjuJI *\*\\ ^j]| t^jljj^ll AjU^JuJI 

(j c- s..vix.iB i**il <ajn<^ (^j -(solar nebula) ^uJjmJLj j 

((JLAj£^A lx-G Jc-LaulL A-Lui-GJoJl <-GjJaXGll (j-G £ ^^Jl dilute. dll^J 6 (_ > )Jl<GJujl 

Lgj3 CjLgJI unTill 6 CIjLgJjoi^JI ^j-g I^jJ)-g 111 CjUj j^JI J lUjIjaSI (j^axj dlSjl£j J 

- <■**<! 4 LgIxG^I ^axj ^ij I ^ ^JJ^G £-G l^_liJ 

^l.y.'vl^ ^ ^ ^ ^ ^ix-aj] D_jJXj^il CjL£jj^ 1I CllAJ (^Lg^jVI (j-a ^-g j (Ajl^jll ^ij 

(^jjiJj ^-llJj tj^JI (j<G*^i dLylc-lij dlL-a2k.j . I^J3 ^.Jjojj ^j-G (j^-aJ A-lll^JI L_l£l j£ll 
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ioA J-O CulS (^1 jx^il'u.11 dliia. j 4<*aLJI L_l£l <1 jU j jl jiaVl 

^_ill A ^ t j , ^~,\ \f II tillj (jjj Laja 5JjliLa]| (JllljjLajlIj 

. A*J Loj 3 dljj£j 

.uSIjSB dSb t> bajj (jAajVl CaA1£j 

(Early earth history) (Ja Ji\ jjjlj 

^_9 AjL-all dlilb ‘o^n ^)AC- ^JA S^)5 Laa]I AjS^JI liHi ^ 

.IiajjI^I <ja Clillj AiL-all (j^ajVl (jl IV^/Lkj ^ja l^llalj 

^Ifill (JA 4 /-W \1 tilij ^ AjjaUJ^)]l jy W Clll jlc. dlillj J .^jJIxaII ClllllLj J 

4 dl3j]l ^)J^)A £AJ . .\Urt^l ^Ujj jjJjill AUii^l ^UjH IJJA . J J 

^)Al _^Iall CllSjil ^ J cc-Ljaall ^hxA ^Lja 

^■iakJuiSVI <jl£ j .(_£ J^.1 Ajjlc. Laili^j dllc-lij ^JaxJl J] Cjljli O^AJjoIaII 

aIaI^j ^ Iaa jl£ (jflj c^pJI ^l£ll /jj-n. IaI tl^is j 

. ^ .luaiSl ^jIjj Axust) j\ (jjIxaII (j-axj ^ Aj^^ja 4» n^ij 

C-Lylc-lidJ Ji^jjVl £>Ia 1I (jj£j tl >>ijl ^CJ^)Ia (JA 1^. ^)5La CllS j ^ij 





: Jjj 3 (j* 


4H 2 +C0 2 ^CH 4 + 2H 2 0 


(1.1) 


h 2 +co 2 ^co+h 2 o 


(2.1) 



tilij dljl£ J jl.V^Al !>Lk-a^J CjI J)4^.a J J^-J Jj (jl^A ^*Ij^j 

^aj|Vl ^Jaja ^Ac. AjjAxa ^AxjjI^I (J£ja ^c. bjfi jJa CjI ^4^a,B 

(J jl Jl ^jxjj Aaj^aII !>Ia ^.IaII ^jl£ Laj^ 

(HCL) <^Ia 3I (jAAik Jj AjLiJaJ tA-ifl lKaaII Jajoi^I 
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<i)j£ Igjlj i^?ULj j.a^.11 j . jjVl dlljj^o (jx LlljlS 

4 AjsI aII 4 a v vi\ i l " 4 !*■» ^ Uj- djL^.^jJj pH—2 (JaIc. All jol ^ 

DJJJJJOI .Ia ^ i.“l.hj dlljj^l AjAuj (J^La-il 4_ial£ d_ljl£ 

js.N L-Jjtall 4 -<\ ^gJI ~N- <\ l 4 >.3-» j a-v ^JaLc< ^ A ^ d_lxAJ^)i IaI j/'-vll 4 Ja*a 

jjl^JLl] £.La 3I (AlAlljJ i d_l3 ^ (JJiij ^ J . ^IjJjiiJ 8) djUaJ^A ^ 

(_s j t Jlidl ^ .(secondary minerals) ajjsIjII CjIu^JI J5U4 gil jj ULJ 
( CaC0 3 ) ^LdSlI ^LaII ^ 4 W \ a \\ diLi 

diLi CiLiiAxA j JjVl ajLjII 



Ca 2+ +CO? ^CaCO, 



(3.1) 



S-IaII dl^J ^JA ^}aLaa]| dll jlxll dllxdl IdaJ I^Jj£ C iUoi^aW g-ljA^ ^ Jjl j 

.4_lil£^l]l dll J Jill (JA j 



^jlaj-all 4£^)^. c jniiij Ia.1x^j j jj^kA^a'I (jjlinil £a c4_iil£^>2l 4l*iunVl dijl j 
o^jjaiS 4jt_nla jjJu ^Jj Lxia 2 w l_Ujjjj]I CIiLiIaC. j ^jLiaj^II j ^jIj jjill diaJI j c4aj j3£j]| 

. ' g *s J^)\j ^)A 3Jj_^!all 4 (jJa^)VI 



(The beginning of life) 



SLaJI ljU jj 



. Li£aa ^ 4 ^jAill ^^11 J^i ^^Jl l^lsii 

(. j-dall JjA I^U^ I^IaLq (j a Aral ^jaa-uaII 4_x-ujI ^ja £_ujI j i lilidi ^jl£ 111 

L_ll£j3 (JA 4 Jc.lll3l djl J)is^A £A 4<aUall 4-JlxJI 4jUalVl 6^A dlj^A J .^.Va^uII JjjS 

• All^Ljjill ^ (J^j11iia]I (_Jja 4 1** u i> i j^k^e. dllj^^A 



CO + 2H 2 — > CH 3 OH 


(4.1) 


CO+H 2 HCHO 


(5.1) 
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NCH it (j-o <^1 (JA CiIjSjaII oAA Cljj£j Aal 

l_yax J fji a j*Jj .(_p3 jVl £SJjlj (j* 1^?. jSLia dlij ^3 ilft JJC. jii£j H 2 S J NH 3 j 
l_ya j^aJI l^_La j ilAjAxj jj£I ‘ ' >' ^ (jjjSj] Aj ya a dlUj^aJI 

. < 4 < m <\ 1 L ** < 1 ^ iTl A <\ 1 ^ A \ \ \ j 

4_xuji3 t. * '<w l" ^ j jWi ^3 dul£ AjjI Ju la^u^a J c_a j^aaII Cy*j 

4-lljl SjIa 3-LjjaJ 5-jjjJaC-V dllljj^ JjVI t/ j . ^alc- CjIjLiIa 4 

3.5 c .IjI JjjaII £aj . UJ> ^XSfl A_illik Ajjj ^ IjliL dboilc - j 

Ill^-Jja^l J^lla! jAj L-JJ^jall J £> SjjLo ^J^i» J dl^j^Ja C<1 uj ^LAa 

:j^l J] 



C0 2 + H 2 0 ^ {CH 2 0} + 0 2 (6.1) 

^Jajoi jl £a tilJi J 4<j j£j UJ?~ (Jlj 4 AjI^JI 

(JjBj 4^£Ijj31j diljlfill jLac-l .ijI jj £a °^A .^jJajV I 

&«Loj£ ja Igjlj ^Ja-uj ^ic. <lnl! L_L-aj (j^AAll <ja ^.Jlj^al ‘^t ^j-o 4_1 uj ^jUL 

.j^JI ^ L$J^ J^C- Ijlc. Liajjjj ..YuaSI ^gjlj ^..u^al J .I«1 aaII du^. ^ja 

A_ill*Jl dU j^aII ^ # ^ Ac. Uj^^. (Jac. jV 1 Jj ^ j 

^IaI (Jjj-ajll ^ja <jaajoi] 1 Ajtdl SJj^jaII AiUall 

^Jajoi ^UaJI zj ^ dM 



(The recent earth) 



AallaJI oijSfl 



AjjlaJI AjjjII \a jlijll ^ V- LoA .VuA^all j oLiaJI « ylj ^JS, Jil 

(^lfr Ijuji tulii l Jsa L_ySjj L>° (j* (j ^ (^3 4 <j31=JI AjjJI 

elaaJI Cliljjjjjji jL I i-.l iU'I tiljoj U| i—laa lilli ^oj .AajLuiII AJjoi jLiLall (_jA^ 
jJ^ajVl tiilli (jx (_ s i3t2 .oAaII lillj (iLlil ^ <lSUa l_~~ lj'4 J jiaJlj 

a JjjB ^Jj^a ^jjj 44 JaIaL. l^J3 (J‘ D^lillA A lA 
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CjjI 4 o\ jaIuiaII L-iuajolIj diaJlj jSjdllj 5 _ijjj£j 3 l 

(J^Li. ^ja CjU Jl^.1 ^ic. dll^jju l^)JaJ La -lie. j . (jVl lg-i3 (jjlhau A^nll 

. ^ CjIjaxj t Aji^I^JI AjAxHII j A-1.A /ull CjIjjjUII 



j jy H L_ii£jj Jajjj JIa i(jj\ 4 uh jl_iLa ,Vi,a j tcilli j 

<j-alj^JI 1.1 (jjjj . Lnjoij UAj 6Ajjolij^)]| (JLAjj£aII c** n*s ^j-a cA_uajLi11 j 

.AjllaJI l.\jJajV A-algJI AjjljJjill 



■ (jiajSU 4 _algJI ^ojLjaifl (j^al jaJl <j^a*j 1.1 







5.98X10 24 


(kg) yasu 






6.38X10 6 


(m) jUll 






5520 


( kgm- 3 ) fcissii 






1.5x10 s 


(_JC< Ax ill 








(km) 






290 


^Jajalll 6^1^^ A^^p 








(K) 


A.* ajllll 


.-.IUj.. .It 


J*# 






1.37X10 21 


5.27X10 18 


(kg) «3SB 


1.48X10 14 


3.61X10 14 




{ m 2 ) ^ m11 a *\1 tti^ 


(AJ^JaioI JJ-N t«o) 2700 


1030 


t(J^a jVl ^lajai 1.3 


Ajjjj3j 1I AiljSlI 






(0°C 


(kgm“ 3 ) 


i Fe cAI 4 0 4 Si 


o-bJ 4 H 2 0 


Ar 4H 2 0 4 0, 4N 2 


AjjaiJJ^il dllj j£-all 


Ca 


4 Na + a!^i« 






4^isjL, js^ jc.) 


4 SO 2 ' 4 Cl- 






(^cJ] ..diUjjj^j j 


Mg 2+ 








•3-1 J\ 1- 


\ (jaiUll yi (>ajVl AjuiL (jc 


AjaLial kllLa A-«U ^ ^ 
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(The subject matter of this book) 



C-jll&Sl tifc AUX4 1 . 1 



f UaaS ^ aI^* | 

(Systems and surroundings in environmental chemistry) 

A-g jSala ^j-g lJ aSUj AjL i c’IjaUjA j-gjjSI (.’“il^Ua^AS UiSj c^jj^SI 

^UJI ^ a^ jkidlj .(surroundings) l$Jyk* j (system) 

^a j^-SaII Ia& JLoxluil In^Aj .A-cjIalall ^ (jl 4 JjjjUaII 

jjlflll ^joiLa^. (JjilS ^UjJ 0 JJJJjjJ (JjjS ^JA AjjUaJ^ fiJJJJjol (jj^ ^Ua 

Uj IajaSI dii^. ^ A^aidl tA-a jkLdl j) .ijurdl h°iUll pentachlorophenol PCP 

j (jjjjSaj (jjASI .. ^ £ L-aijjuj' V £_Aaaj t(_U*-dl ^Jc-LLa ^3 (Jj^-araJ 

tLdaJjU .£jik-ajll & JA (jjiuj (jjAA>.s-i) (jjA]l ^jUij.Vig.^'1 J 4 A-g£>Ia 3I L_ll£jj]l dj^lc-lflj 

tUSljA j . CjIa jlaiASI ^j-al ja. ^ j^'\\ * J ,jg -v lIiSaj tJaia-ASI Jjlill AjI jj £_a j 

^9 A_iC-Llx-a]l S jjjjjaSI jjjU ^JkLml -j j^_a. ,jjj (JaaaSI jta. £.IaIx1I I 

t dioxin (Jj^jjIaII (Jjjs ^ja ajjjU cjIvVia JpLLJ jl PCP SI ajS jj <.* ^ja Jaj^-dl 

.AjJill r I J £J-Aal ja -ja lAa.1 j AjAjC. jjJa jaSI ^Jj-aJ 



^olxJI L-LiSall ja.^1 A_flj3all JJ £_LU-ajSI -ja (JIajjVU USUa AjuUa I 

6 CS^ cl)^^ is^ (JJj^jjI aSI (Jjj 9 ^ja <AjLjIaj£ Igj (J^Aj ^^jSI CjUSVI (_£j^JJ Cilia. 

.l$j]| j] 4^JJ jjJI jL> JaAJj tlgj ^_p3 JXJJ ^j]| AjjJaJI AjjUaJ^S! Cj^ J^-'^l J 

Ajj.lTk.Sl ^UaASI j £.Ua.VI frl a'c. A_ujjAj Ic. jjJa ja (Jjaj A_g jJalA ^jjl£Jl iASSa ^jJj-aJ ( .iVnTk 

^_-g Alc-lij j jJx^jjU (JU&jl (Jj^S Jj-G t A-g jSslLgSI ^3 (J-L-aaJ Lgj , j-gjoiSI ^.1 j±kj 

^ a 

.AjjjSI c- U g : i<; ^JjAal j-g ^j-g lc.jjJaj^ (jj^J t ^cJj . . A^^flj j ^.Ldlj AjjjSI 
.A^GjJaxdl (jj^ Oj^SIj (Jj-gIaSI Jaja^dl ^Llgj£ AjjJI ^Llgj£ cJajojI SjIjxj 



^LjjiSI AaSI (jj^J (jl <■ 1 1>J tAjjJI ^llAjil I Aa. £joiljll ^j^i-dl lAA ^ jjJa dlaJ 
J] JlijjVI I ^ ^ ^ i Aj3 ^jiuijy\ (JJJAJ (_^a 3I jlUl jj-G la^Uajli .US LauJal j J^j^aSI ciSUS 
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I (j-o dldj Ad c_fl^ui llA . ^jlajV I j^^ya oldlj (J^IaII 

j\ dll ^lui (JsV! !^C- (_£ jLuU ^1 -qJ) (_5 Aa ^ic. c^lnl! jjjj 4 jjLlgj£ dll j^Lui £jJaJ 
^Id&V! (j^ I Ad j I jo-o <_£ jLujj (j! Adlall oAA <£LaxJ . dll jp j d l c_fl_^ll 

j cdl Jjaull SJU jlloVl dll^JjolC. (Jj>-d (jl ^1 CO^JJ^II Aj^pll djI^j^bolJ 

(j£l .Ajj^lll dlLiliill ^j-o (j^ldll di^Lsb. y t**A Uj-v yx\l <SL^. djl jlo <xdaj 

>3 C QinVl (^JA l^)J» >/1 !$. J}^. V] (_£ jLd V cl^J 4-<uS ^)j£l Ale. 4<a±!all aAA 4 £Lojoi 

• (1.1 (J^dllj IjAa 6380 ^JIJI t>=jVi 

^Jax*i jja (atmosphere c$jdl ^d!>l*JI) jdl J] ^ ^ j^4j 

. (jla^jVlj AjjpiLG dl^lc-ld Ifr-aC. A j j ^C-Aj Q.vi» x> djIjjjAxu (Jj^asd ‘u^jVI 
j£\ Adl_iAj£]l di^lc-liill (jl ^Axj Ull Vj t<jJddLc dllc-lijjl Ale. dlljj^iuJI aAA (j-o 
. (jlajVI hlfrdl LJojI A_iaAVI oAjAjoi IjlLa 30 Jc. A}Jp dllc-lAl^)! Ale. 



jjUdj V ^^dSl <Liij]l AifUl jli cjjili JllgJI ^£31 Ja^^JI ^j-Q j Ja3 

^j-q A-Jlc. dilc-lijjl (Jjlkj ^jAajiVl ^ijai did Aid ( jj \\ j 1 1 ja-g ^ li£ 50 1^^! 

t^j^d! I AA j . <lnl! f- 1 j -aj^ (jUjai <lc- t-'"' * Lo ^hx^a ^ Jjja J-O (J!id & jdl 

Igjlc. ^laJjaidl o^jjju-dl djLajlxldlj AjjILg Add!! AjA-ujj I A^. tlAj.W<a <lj£ 

^ lidd&l jj-dj d i^juj iAUa ^Ac. ^Idj . ^ SaIc. ^jjjLuu^I! l^j ^dgj ^HJ! 

jl 6^)J» S^i^kj jl ^.Id (JjjS i^JA iA^lA A \\* A dAjA ^-0 f-l J^.1 i _gAc. ( jU^.VI (j-o 
^J| lij-v .\l £ j^J! tillj LiIaC. Ill ija. AS (jj^l tdlA (Jxd LoAlc. J tAjjjl! <lix-Q <dla 

4-lnll (j' l)^ ^1 c Ull VI .oAjA^. <Lg jhu 

.UojIjaa llLl£ lx-<» (Jld la.j.Q'V j 4^^p.VI & i >Vu 
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L_|U£J1 t-l& (j J)A*S1A 

Ajlli I t LiLxl^A ^ j^Ul ^1^3! (jji LoiVI JJ3 ij^l c_jIj£]1 1 AA l_u£ 

Ia& 4JJ Jj^}LaJJ V 4-alA ^JjJalj-a a Ac. <Loj (jt Jj c>j)\-ui^\ l_ 1 ^j ctilli pjjJa 



J£ o' £•“ ^(environmental analysis) < 5 ? jA' JAAI qc . L.U£ I A 

L>0 l_l]l_C. ^ ^A ^jlj CaIaj 1*-4 ^ \g- \ \ \a ^^.*1 ^ ^ ^ 
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A-iLkjll g.ljA^'1 cc-UuJI l^gJj .o^jIaII dlbLnll o J ^C. A^UaII dJ y*. -IaIxj 

dljjVI .liujl^l j| (j ijjjV I ^jjASa .AlJI JjUMl .<1 u13 Ua^I Aj^) y^x> 

Cj!>Li1^Jj (jJjS L t lUaTlj Jj3a jll£ 25 ^liijjl Jc. CL-JJjaJI JajaijVl ^ 

AilLdal cliLiSJ ^Lkj L * ^ W\ ^ p 4 ^ A^ajoiI ^■IHaII ^ v'w'i jj . £ .Vq» a 

^jl j iAjlij ^jUj ^ A-mJI A_iLLdi]l ^.Luu^l! ^jj J) 

. aJJ CjI jLij ^ jjoj cjU^II 11a ^oaj 



.(environmental toxicology) ajjjJI a£ 1JI ^ jc. Uj£ lJj£1I 11a ^ 

y\ jA tAlnll cs^" j ls* (J^JlVl c3^ S-iIjjujI ^1 y[k 

CjLJVIj 6 6^jjjLia3I a-oLuJI (J^c-IsaII ^jlj sLi^. ^ Ia**^ Ia^^ajjj 

^A C^)jaa]l A^j ^1c<J ^3 ^)JjH C5*^ ^ ,^AjuJ 1 ^JjjULoj tlg_J 



E> ^La,1<J1 ^ jajoJI tiS^lxuJ L ajAC- L_jIj£ 1I I.AA tcillil .AjajoJI ^Ic. ^X-bJal ja 

tAjjalLuiSM AjajjJI £_£ Aja] 0 yx^Ll^A AjoiSLLo a^C. ^ ^9 t 3 yji j a" \\ w >>»**< Ai 

Ajjj^JI Aiull SJj^jaII ^jajoJI CjI_ia£ ^9 jjjj (JaIjaII Ig.lAj 



.1^1 jUj JSI jiaj 



(environmental 1 *j fiaoll j AiJI ajU^ yc. U3£ iJj&9 Iaa 

Cj! jjLiaII 1 ^_ 1 aj c a3c. jl dj ^lill ^-Lqj ^ull 4 j\,w^iqMl diljlSill qc- ^control) 

CjUjjj^! jc. J t" Green Chemistry ^ 

dlljlSjll £> AA . IgjLaU C**llj>^i Jjll j Cj Ijlil! CIjIjjIulaI Ijj^. 2_jJaJ jilij 

AjoiI^jJ L>* 9J^)I lij t_L2kj \.jJn)\ AjjujLujI y* 

^ <\ 1 4 \i ^ i.a! i ^ i\ i J 4 \9 <\ 1 dj| ^1 IujLujI 3 ^ ^ ^ i\ l f, 1 \ a & \ 1 \ *. \ l a ^p. n) # Aj^laj 

. ^aLufldil j djIJ^jSlI cillj ^ lij| VJ yA 

o- (environmental science) <jjJI jJc. jc. LIj£ <_M 11a ^>4 *1 jja.! 

Jla-cll ^a^dll Alu]| ^alc. L_3 j£ (JjlaJ .^x-uil^ll o^)jliiAA 
tilt ^jAAjJaJ A_ 1 XJj .lA^)4 C> j ^U^.VI ^alc-j j ^UaII ^Ic. ^ja S^)4j£ SjIa L_lliaJJ 

A^JJaAI 4L_jl^JJjj L& ii_A^)JC. Jjj IfcJ] J4*AJ d fljJA CL-llj^ll ^ JaM 



45 



IAa 1 n"*d dl .Alnll ^dJI 1 nl i.^i^ntil 3 * (jd^jiAl ^C- (j^jll (jVI IAjSaj 

.AjjJajVl S^^ll aIuu (JIaIaII 1 *1^^- ■*! 1 q 1 ^ j3UI J^£\\ (jAx^\ ^ajj] lJ&\ 

£*)^j| j Ig-iS ^^All dll jj^iuJI j AjanjAill Alnll v , idj3 ^»IajAVI ll3^^)J 

^jIuaJI ^r.jdajAl aAjaVI (j-a l^)jd ll^^plj . Aj^JjAqII 4 A^ViNfl 3c. ^All dll^jsnll 

Alnll ^1 _iaj£ 4^Jl*AI *Uul t aVi-N. ^ d^U. (jA aAAaVI dli UjAdl J 4 AjJ3j^)xa1I 

3I ^All AaI$ 1 I (JjLuiaJI ^I^jI 3 * C5^ £aj * UaIIc- Ic-jjJajA (JjaLi 



(J-l 4 Anlnll iuldaall (3^ aU£ A^ A jJ t * <l*i^ \ l | L ° l AA I (3 -0 ■' Aa . l^JI 

. J-i^ll dlj jA LlLjaS ^gil LujLujI 3jdJ AdljAj^ AjjJqjI 



(Environmental composition) 



(^jjJI L-nS jUI 2.1 



3^-° -Ix-a^j 6^1 X* I .In 4 Alnll J_^,ja 3)AXA l_i£^)a jl ^j>^iic. ft.LiAJ^ 3^. 

jI^aII Ia .aA1u>I S^c- 3 ^ AjI^VI L Iia j .^-^jaII tnli ©^dl jA 

^1 Jd. ^1 4 ^JLj.lJa ftjdjl (Ja f^UAjSfl L-d^all jl ^)nVl»'l tillj Igu 3 jjL ^dll 
^Ac. ^ n L_ljl <AJ dljd I jl 4 ? ^Luj jA Ja ? jllxA ^JJC. J^d ^Ac- ^paAdlo 

.Ajtflj^)A3l diljjluiAll dlj L-ilfuil ?.L-aduj| Idle. 3 d 4 Anll*AI jdljjll c jumj Alan di3d3iA 

. disV (JIAa a jjWMI j 



(dlj c a. . Vq 3 .^nnll ^jJlull ^.LiAdj ^id ^IaAaI 0 jja.Vl AijVI (^a Lij 

Ji«j Ajl (jii. ^jia .Lo Ai. ^1 a " ^uLuu^ll luaj (jAialc. <jlj jj^»u.ll 

Ic. jJjoi AjJjjdl dlVd. ^>dl 3P 4 ^_jj-^ll (Jj-l^A! 3-° 13 Ac. ja^aII 3Ada jdc. JSjI 

^IaAaVI yj - AjjVqII 3^Ua 1I ft.LiAd S^jid ^1 3-° AjLIu 0 jLiAd j ^ jjIIAII 

<jj£ l^jjajj I dll nfAl j ^)juallj AjjIaII v"* i\ h>i»Aa '1 IaLuj Ajj£ qC- Aj ^dull 

C_iU ^Aaj-al l . 1' ^jjjaiLl^-lll 3c. A— jLs 4 Au^l^ll 3 aIjlaIA A^^Ajuj , ^ Q 1 ^ ^ 1 >*T| ^ 

J] '^“J c?2j - 5 -»^A A^jLLo CjLojjilj dlLaJ^jj l_jjUaj <IJa».AI <u!>lajjail 

."LJliLa Lojoi" j !' r - ' Aaa t jIaaIIj cill ^jac. Jlj — 
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AjjlxJI AjLjjJajxa La Ai^)*-a jj jjJall ( j-o AjI ^.Ixj liA (j£ 

^pLLoll ^jjjLLaj L . v tLi Laj jj (JjIj wAjjplIj ^.Lftllj 

?A.nx,a CjVI^J £dal j-a ^ AjxnJ-a'l 

Lj^)2j ^ jjiill (j^jl 'V 1 ' 0 j J-udVI £joiIj £jLoi ^jfc^iic- (j\ ^^.ILJI (j-«j 

AauII .Lj^£j 0.7 IHg kg 1 <_£ jLujj (J-ajVl ^Ic- Jajuj jJ-aJ A-ixjJaJI A^nll 

Aj^LaJI ^jc. ^al j-all ^k aj&jfi ^Lj j ^aVtA. ^ jj £| jjj (Jlalll ^ jj tAjjLall 

dli jUiall .ij.i^j t" Aj» nM Jj^ljall" 6 ^-j AjjlLa . Jil jl lOngL 1 SjIc. 

^ (J*dfV\ La lifcj 4<x_9j^a]! CjjjjOxtbftll 

*UJI ^ .Jjllfilt ^j-Q dL JJJOIA l.li£j Ljj ij£_uJ (j-Q V J^L CllJk-saj • 

■ 20|a,gL _1 J& ^J5 

(Jj-aJ jJIj 4 qU‘^\l ^jjiaj L_lA 3 dl a\^ a ^ j\<\ • 

. 3.5 mg kg -1 

l-s^i^. ^k ajj^II ^ 20 mg kg 1 1 jkm j ^jLd ^jJIj Jj£I jj <>AjS • 

. ^ .jjllilL 4_ilc. c"" l\ jV^ar «o A^JaLa & (jjj-all ^k j& j^jt- 4_iaLja ^k^yl 

La Ullc. l^jl vj t Aanll c-Liai^ <joiI^)^3 aJ^j (_5 jjoj ^$£1 jjII oiA (JLa ^jjjLia 

.l$Lc.li-a j dal _j j^iuJ] Jj-ac-l CjLuiI (JjjLojI Jlaj I^jV Aj^>Aj^ AjIaj jm"i 



(Species distribution) 



£jj2 



C_l£^0 jl jdc (j-a j!i£Ll ^Llll (j-o iS^ 'L^* 0 ^ L >* 

^ jjJ i. o . ^aj Ajuu^ia ^ya jj£Ij a^jJ (jl (j^-^ ^1 ^a31 ^ -*3 AIac. (j^* -0 

(JxxjjjJ idlj/LiJl (j>i»; (_j^J .1. I. j (j^ LoIa LliU. jjxll iiill] 

(JLuiiuil Jl LiJajI j|£^iall (j*j .4jn^l A n» II J ^IjjVI jjj.a"il ojJaLo (JjlVi 



V. Cheam, “Thallium Contamination of Water in Canada,” Water Quality 1 
Research Journal of Canada, vol. 36 (2001), pp. 851-877; H. K. T. Wong, A. 
Gauthier, and J. O. Nriagu, “Dispersion and Toxicity of Metals from Abandoned 
Gold Mine Tailings at Goldenville, Nova Scotia, Canada,” Science of the Total 
Environment , vol. 228, no. 1 (1999), pp. 35-47, and Z. Zhang [et al.], “Thallium 
Pollution Associated with Mining of Thallium Deposits,” Science in China (Series 
D), vol. 41 (1998), pp. 75-81. 
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. ^ . H A L ** J). M 1 ^ Q t ^ JJ * £ 4 Q \‘\ *V A I 1 ^ \ A J^\ ^*\\ 1 L 4 <\1 < l\ l L** l\ <*<^. \a 

c4jjjj£ll ^Lb.V 1'< '.^-<4 I oJllc 3.1 J 2.1 (jjjj .^jjAj^VI djl&jjj 

t pH c-l-oll Adaj-aa. JxIslS UuIj 6jUjc-U ^ jjjll ^jjjj aJL^, .$Ldl 

dljWldl cillj ^jj£j 1^1 . dlUjj! LxjIj Aix-ajJ ^joiJ AJL^. j 

. )S^ \*1^. d l l-^j a \ 1 < A 4 *l\ 1 i\ l 



jjjilia.1 Cite, jjj (jx (J£l Ljjja. i— iljLu ^^ic. -LuLull ^ jjjll CiljWu ^Jsl j 

^^ic. .4ilii_a]| £j jjVl <dli <; ^ \\ ^ j-ojpll jail dul jjIj A_im]| diLixll ^ <j4x-Q 

association .AdjVI CuIj Ai^*-o ^^Ic. ^Lnll ^ w ^ .dixj 4 Jlidl cW^ 

<^uLaJI dissociation tiK&ll dul J* ^j Aildal 4 *U 3 Ij ^Ull jjjjill 1 ^Uil 

dlULnll j3jJ ^Lnll <a-k-a Add Ia] (jia-aaJ 

^4j\K/^ 1 dll j Jj A_1aAV 1 A_lda^)i]l ^glc. J (IgjJ j 4_lujll<Jl AjfLidjjA J-Gjjll 

j-gjj (j^jljJ A_JI_^. ^9 SA y^.^A AjW *\\ 4 \* \ <li\l 4 .ajlV^ll ^j| ^Ic. Aj^jaxdl 



L-LuA ^)jAijj Jj-o pH — 7 A Aic. 2.1 (Jidl! ^ (_£Aj-o*JI iadll 1 ^ 

(jJA^I ^. ; )^2k %16 jaA ^Ldl -\u.uf>l C5^ cilL dc> (_}J_ia.Vl 

.1^. AilliJa dlU ^J^)^]l Ajjaij J (j4^ 4% 84 (j^ l£-^ J 4dlli jjjill 




6Jf ^ jLd .pH Ada ^AaJl J-aUJ ^j! jj l^-Lua^j dUjjjill ^U^l ljIpJjj : 2.1 J^dJl 

_ [individual species] 



[all species] 



A * \m tt A ,.* 
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. C d — (molL 1 ) jj&ll tiUjji jjSjjJ UjU Aiuajj JjijS j^lS o-U^i £Jjj :3.1 JluJI 

. ^ a * * A 9 4_lujj (X A a ^Jjaj 

^Ic. (_£ J ^Ull djUaJ^-All ^gJI 3.1 (_£Jja*JI Ja^Jl 

o- %28 JS-i HgClf— II J cA^iA . 0.56 mol L 1 ^ 3 L^ jjlSll 
Ji fr U (i_i) i=JI jiljjj .%16 HgCl 2 Jl^j .%56 HgClj Ji-jj .jiSjH ^uJ 
• HgCl 2 ja tlu^. 9.5 ppm ^ jS 

(jjfLi (jl (j^AJj 6<ln3l C5^ (jjlXA ^)>.s-x\x ) (j-al^ll (JmWB 

s.IaII ^ tc . jjjoi ^U^yi jp£l 3JU. S^a ^3U Ljjouj^ !AaIc. 

^ jJIj ^ u^ijl Axu£Ij lij ^ J!>LaJ!>U <Ll£3l j SJtaill (I) d^Lj jJ 

j! <1* * e'-dl ^ cJ^ V (jjjc- J] C^ 1 ^4* ‘(III) 

+1 j o oAuisyi c^yu. ^ ^ jx>ac.y < ajjLcJi A^nii j IaI - l . 

ciLojoJI ^ ^.ladl IaI .(_^^)i.y! L_ij^lall j .Lui^jaII £^.^)a1] Ixjj +2 j 

c_aJ jjll ijA.ja ^3 j1j ^ill CH 3 Hg + Uj ( methylated) JL^\\ c3^ j® 

CjUI jjpA\ j ^)A aLui lifc j - 4 c. jVU <Jj^)£a CjI^^Jja 4 ti i i'l jj j 
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(Jjul tftljdjVI AjI cillj (jjd .liLoxJI J£lj (jl (j£-aJ 1 g \*jj <_£^)i.VI 

• Ljajl 4 *j» II tiilj A.x.u^-i ^ jjj Jj (Jj 4 II ^ j j-a3I JjjjII Jj 



(Chemical processes) 



A,\ lljAJ^ll lj! JJJ-LuJl 3.1 



. 4 * < <1 1 £, 1 \A & L 0 > ^ ^pl .^1 1 4 l">o\ 4 * < il l ^j^Q - jj* t nQ l \ Jjlixll 

4-gj 2 . lx iJ-a J*\ t/i JJC. li&j <-gjJsi1a 3I j)l (_g j)3ra.U tilli (jU tLi& liifi jJ lj] 

<lnll dj\jj£-a (j-ojJa ^Ill\ Ajjd^Jlj AjjLlgj^JIj Ajjljjjill CjI j j^iuill j)-a 

tilt t^Sl^ll j cl_il£ AjatuJa <jj£j (jl Cjl jjjAt-ull (j£-aJj - 1 fl LuS Jaj jjj 4 qV^ 
JLaJI ^gic- fjl ajVI lJ*-^ ^ 44^. jlj4^JI L-llia.VI (^.la ^gic- Cia^jjjI <^1 ^gJb CIjI jjjJjoJI 



(JIaL 4ln3l ^Lixu£ ^iS U^j^Lj (j* ^jISII j^^Jall <i* 111 .^jjll aJc. ^ Jil 

.^.u-ull CjIjjjjjJI (jx jll AjjIjajSII C£ltl£i1 



t^yA (jl (_£ J t4_mj LwiLi^l jj ^ . >>'m ^_i]l diVx-liill] SjjjII! (j^al^iJI (j ^ 4 j*jj 

AjjJIj ^<jjliJI 4iiJI) jJI cr 4 ‘SJ-4 jalujl <x-ij\ (JVj». L>“ 4 jJI JJ J“ll Jjiall 

‘“i' l '°l' oJA j^jj cAIAj Jjl . ^Lta.Vl 4 \; ') AjjiaJI <lnll j t4il AjjiAjII 4jjjj tAjjLoll 

.Ig.'uj djjj£ (Ja.l.ij 4_a.jl “Lol (jl £C.X>1\) t_jjjai <jl VI tLoLoJ (jc- l <-?•»* J ^L^ailo 

(jl V] t^jouLlil AjjU ^ya tj?- W^l J 1 " *^1^ ^J^l JJ J^jj (j^-j t JllsJI Jjjjui ^^ic. 

A_mj]l ^ajL^aaJI JjAa^j Iuj/ij I l^jl jlij <jjj]| (Jjll^al ^jLuj£ 1I liljlmJI 

tl^lo JS (j-<uJa AjjLi/u£ 1I ClljjjiJI t—ii-aj Ill's .a j tAjjJI aLuiSI AjA^j ^aj -l^-uiaj 

Loj 3 JlaliVI JJ i ^ ill dlVx-lalll JJ AiljJal 



4 j* Jill aLuiSVlj l^Jiilc.j «.Lall <-aJala3 U^jjyai LuLu 4.1 (J^uJI (_£JJ 

CjIjjjJjui (Jlfiall 11 a ( J AJLluII dll j j jjjoill ~l-'» ^ tAAiSJ 

(J£joJ 1 4at u^i ^jl VI t A-ijLixuS Cj^ylc-lij V tAjjjJa dllj^iu ^j^jJaJJ lIu^w ^j-q A-ijljjja 



. 4 y \ \W A_ijl_i-<u£]l CjI^LxJI ^JjJa jiil ^_jJa jJ ^lill AjLujj 



.1 1.14 jiajl .(^ diLajJ^‘lx>l I^A Ait us* (J-astLaU L_fl jjjj ^ 
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A L<uS A-clc. S^)jj-a (j-a (J£juall liA LuSaJ 

tis ja**Uii2\l l 4 \ 1 -^. \ 1 ^ ^Li\ l ^ * 111-* 1 1 Lv^-LjI < <**< - f. 1 -rt\\ 

JJLq c > \\ m"\ i^ya \ n^Aj La lifcj cAHjIj ^SLUj <jJj 1 a S^jjJjoiII ^jj£j 

^1 ^ N ^ ^.LaII a_i 1 £JI ^i&SI ^ jLujj < 11 ^. c-Loll Cjj^a 

^^\<Q Jt S^C-LaJI £.La 3 I <jj£ ^ jLuJjj .ljj^) 2 j 1 . 3 Xl 0 16 kgCjSj 

4 . 23 xl 0 17 kg y _1 cyj^ 




Oljlffl ^ »UI 



3 jjIaJI jjjSJIj .jvuill yi jjiilt jIjLJI j>l jc jLUb 3 jjjull 3 >»ill Jlu ,fL»3| 3 jjJ :4.1 J14JI 

: C3 i 4^jXa yA j Atl'iv* Jjlua-a (Ja jUAll Cunjfll ,|nludVI jJJ uliijj yA kg y 1 — J 

Elizabeth Kay Berner and Robert A. Berner, The Global Water Cycle: 
Geochemistry and Environment (Englewood Cliffs, NJ: Prentice Hall, Inc., 
1987). 
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jjl jjj .<jauUllj Cilia ; ia-a]l jLkJI jjjilll 7 . 29 xlO l6 kg y j 

(jtjlll <-'l Uj-v ^ V- JjA JaiLuilll UlUol (jijiA 

SjJjll *J£1I ftl-ll jj£j 111 . 1.10xl0 17 kgy _1 j 3.86xl0 17 kgy _1 jUjU5 

. 4.96xl0 17 kgy~ 1 ^ s jld j j=J J\ 

.1.1 (JllLol] lia j i y*l\ * Loll £ a* Lul 



cLJaJI i±A L-iLoi^ 1.1 (JUdl 

S^pL-all jl SjJ Jl -5- S JImiaII 3Jl^JI ^k j_^^a!I JaLaII = ujJaII Sag 



1.3xl0 16 kg 
T_ 4.96xl0 17 kgy~ 1 



= 0.0262 y = 9.6 days 



. ^»JI (J *loJI Ig.jdafrj 4-Jajuj jll SAa1I ad 



Jl AjILftaJ djaj 4.1 A \ua\ 1 dlJajAll ^ijAJ JJ 

(jA Idajl 1 t<LoLai]l s.Ia]| Ajaj (jdJ IajS ^jll AjjuUjJI dll 

(j^Vl (jll Ju-aUdll (JA I^Jj£ 4 aJ (Jl . od. Jc- ^a-ua£ (jAjJa 4 _aIJI dl^lc-liul! AlAdj 

iL-^a j 5.1 J trill (JJJJ 6 Jlidl cJ^f UJ Jc- J *5TntfV AajSUIj 4A$xa dl^Lc-lij 

(Jia^j jll jHa-o^l oUa JJj-s la ^A j ; aJI ^k dLiaII ^pL-aA !>U_ia) 

.Aj.Vtg 11 Sjlill AjjA (j-o <J AAui (J 



AjjUaJI! diljLn]! i I^J^^a'I Iaa J o j ij^. jaII diLa J*_a]1 JLaxjjoiI <Jaj 

k_ijjalj (J ^Ua*11u1aJI ©LiaII <IaI£ ^ul^) <J 6 Jlldl (JjfAJJ Jc« 6<4jujliAll 

diULnll Jaj j Jlxll (J s-IaII ^g-uUJ Jl tiC^jjaiVI A^.j jA (_^JI J 1 

4_ajajJ jjJAll Id J 4 4_pl JV 1 *IaJI diVJoj ^jjAJj (jA AjlaJa 4jAAl1! j A_iC. jll 
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j )*^ia IaA 4 4 5.1 u>ll J) fiJjxllj .<C.|^^11 s-LaII ^pL-aA ^)3jJ 

^Jl ^ *UI j£ J^A jj . U JJOJ A-ilnll Ajoi3L1a]I o JlA ^3 ^jl A aAa^ ^jLqLa (U l^u-ao 
^LaII ^u^aII JIaj L-fljlx^aA oAc. 4 _aJj . (J5ui' 1 ^^gAcJ (jjUAll l3^J jIAaVI <^A 

oLiaII j A-i^JajuJI oLiaII ^A L-AjL^aII tAllaJI oAA ^ ^ CjI^jjjjjoi ^C- .lau 

. ^Ifill (jjiilill 4_2^p]l Aj^la^j 4_i2 



S.1^^,1 q±i LUij 4jn^. (JaHll (j* ojJall Ajlnll dll jjjjLoill ^iLoj (- Q j ^ra j £-Jaj j] 
dAlc-Udl ^j-aj-ai-All c_flx-a^3lj 4 (JaLoJI IaIjj^-aj AaIxJI 

i^^jJa^All Uj3^)xa oAj^j ^gi ^ (jJI^aII ^jjAA <ja (_]£ dlLuil^plIj . 4_1 ixa AjjLiaj^ 
.^j-aIaJI j pistil 1 a ^a>\t jA A-mJI g.ljAj^'1 ^ Ug.>l jJ CjLj.W’i'l Jia. 1 (j£l 



(Anthropogenic effects) 



Ajj-uali Jj^ILaII 4.1 



^ <JajoijVI J^c-lLa jA AjJI ^Liaj£ ^Luil^pl CLiIIj 4_^.j Aaj 

Aipu *1 a <^9 AjjLojIa ^jj£j (jl JjC-IAaII (_jSaJ .4 j»jjl-ill dll ^) j^JjuJI 

cjULijaij^jl JjJ ajIc- ^JajjolaII dilxA^I jA ^.^4 a, 11 Jll<JI j .CjJj£1\j ^g-AJoijj 

jXc. ^ ^11 ^ JUj^j <> c_j jilL ^ill ^LJl methyl isocyanate JAiaII 

.1984 



jrjLkj 4 1984 flc. (JjVl u^) 0* AJiai ja jSUll C L— II 

diljljjaJj^jj jlc. ^ja (jlilal AjUjV *■ QjK j£>lAj| Jajai j ^gi (Jljj^J Ajj^Ia 

*Xc. i±a jlill ^ u^j jl£ ^ (CH 3 -N=C=0) JAiaII 

3800 ^lc« ^-a^-s Ia (Jj3j (JaxaIIj 441i*ia11 *1980 

CjIL^\ dul^j 4^l*Jl 300000 (jc- (Jij V 1 a I il'v J 4 

• b ^ ^ i !«» \ 




O-C-N-CH 

Cartoaryl 



3 
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f-Lail jA jla jU£$JI) jla jUiA (jjjLu 9 jJAa p-jlSI . ^ fLi!l jjLaj :5.1 JSJill 

AjjL» 4Jj£ ji 10 4 m 3 (^jLluj 'LajS 9 JAj .A^lj jia jl» 10 000 4jJa*jJ ^jiUI 

‘1974 ^£- Jjju aA 1\ t^A £jj Js (JA AjJJxII <Uui]| .(10 7 kgjaj ijJ-uu 

•2025 ^1*1 jjJki ^a ( jiuijill £aj) Ajjliiflj 



Centre for Science and Environment, The State of India's : jAutaJI 
Environment: A Citizen's Report (India, 1978). 
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^UjjtSlI di!^)jaLaJ! llLQ *~\^\ A_ll jVI SiIaI! jA (JAiaJI CjULbalJ jjj 

did Ji ^k ia jl£j t(carbaryl) JjjLjjI^IL c_i jj*a! I c(carbamate) 

(J^LuIaII <ja <c. ja-^a diiLd! jl! L_i±uill (jl£j ^k ^SIjaII id ^k <jiajVI 

(j jk (ji^j^iiil! l-»* ■ ^ (jlaliillj 4(jl^)iJ! s-Lall L_J^jaiJj c j (Jlaxj Ig-iA 4 jVaMl 

A \a <llV *< ^ A < i nl hu (jd ^c. Lx^ajl Adi djjl^^j . di! ^.**< £ (j !*»***< t i**< a a\ \ l ** < 1 < 1 u n j <1 

(_£jLuiIa 1I t.* i.VnW I.1A (JaiI .^dl3jl! (jjii ^ (Jj^a^J SJ^xHaII dilalidV! <illj dlla^k Aj^aJj 
A ili&l! olg-J jl*l (jpU»i! 4-3^>dj ^1 ^1 Ail ^lUal! (jjata. (jA <j£l tAc. jj <jA Idj3 

AjC>^9 0aI^)J jl A-VC- ' ^Jj Ijjj^. killi ^JJLJJ . dllLd! dllj dll ^iuill ^k AJJAaII L-jal JJtl! J 

.AdLiAj£JI Ac. lii-sall -__duLJ (_)j3 (jA ^c. Ilk-all (jA^-l 

^gic- Vj lg.liC.liA jgJaJ V A_i^Jjd Axilla dlli (_£ ji.1 Amj dlU jJadal Aaj j 
jd*J c^^jaS . U jjoj Jal IgJiljC. (jl ^^Ixj V lifc (j£l .JaSa dixJI jl Jajoa jJaII ^AaII 
I jij£ I j.lx-raA ^giLiill _^ll ^a Aii3.ll! dll jlc- ^£1 jj (jc- ^-lill (_£ j!^)aJI (jjAd^Vl A-uISLaI 
A nuill c_ial jjlII di^H-^l lil .(jjjjixll J (_£llaJI (jjall ^ (j^ajV! ^^Jc- SLiaJI ^gic. J^ill 

(jj^xiuiJ (jl (j^AJ tli^AA dlli (jl£ j)j clgiA (j^aliHll (jla cA*alj A.i&k <_£ jl (jJjj^yU 

. IgJ j£j oAa (jc. (Jil V 6do 

j)A (j£J Ilia JXA (^g-lc- XcHxa 4 Ainll ^gi aJaj^-aII Aj^jooII (Jic-UaII ^Lk-aaiuj! (j i^j 

.d^jjlxull dlLilllj L-U^Jjll 

oU^l! (JIaxILaIj Aj jjU Aj£aa1! (J^LaaI! a^_^.I (j! (J^aj (JIja Aaj 

(jial^)C.!>U Aj^jiill diAjoiJj ^*^1 k^UtiV k^ill c_fl^)A-all oIia A *s 11 » a (jc. A^jlill 

A-jjall lAdijjj Cilia. (Ja oJuiA L_iilj^ ^glc. jlnVij l^a. AjuLa AiIaC- D^a .Ajc-Ij^II 
(jA (jlal! A^ji wi (jSl . Aijilil! J AijoUJjl! dili^LAll jjA Aiiida Ai^daC- SjLaj 

(^a d^^^ja AaLui (jj£j (jl (j^AJ ^i£l joj A n» a j| ja (j-aJAJ ^a diLiill (jl jA ^!^>a»VI I^a 

(jA ^IajAV! jili (^ill jA-al_ixll JLa.1 jA ^ jIaJI^II j .AjjI^xI! aLaLaII ^k 1 g 1> Vj SIa^JI 
IaI 4^iall (jA Jl^-° (j-ajJa ^ ^ jlAjllll A-muiL ^i£Ijj AjJill ^k -^.jA .A^Ull o jlA 

c^ijtill ^ ^J^ll lAA ^ja Aj^)1£ Ijjoi! ^ )/»M ^ill iAac. Ij—all Ajjlill olA A— aal ^^iu-aii du-aj Aaj 

Paul Shrivastava, Bhopal: Anatomy of a Crisis, Ballinger Series in Business in a 
Global Environment (Cambridge, MA: Ballinger Pub. Co., 1987). 
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J£jjj Jc. (jlj .vfiajj . 0.8|Jgg 1 <_£jLuu3 AjuUHI A a jail 

l o^^\l oLa^ LqI .Aj^jall JL^aL-all (_£ jjJaC- 

4_i3 £jLoJ! jj^jjIIj tAjaijl^lLa jJC-j o jLa 

AiLjat (jli lil .AjjjII ^ till 3 (j-o aIa " ^£1 Aj| i80|igg 1 ^jLuij 
A iLja-oll aLoaJI aj!<lui aASjola & jx'li) ^Jl Jjj AjjjII Jl sLaaJI 

tSLoaJI ^jJ-ajl^ll 4» n«*ii ^LuA^lj .AjjoII ^ dJj£j 5 IgiV <aIa <ULoia 

<• . t l^i ^.1 .Ljajl 4<Jj-i-iaxli 4u>iUll ^ AJaJJ^A ^jl (J^A^all ^lill j 

IgJ L-fljjai ^^311 Ajj^aJI AjjIjai^II j AjjJajVI Ajj'jaj^II ej^^liullj ^LuA^I 

l \ i ^j .' l ' / pj A \ ^ Ufil l i " ^ i “ ' ^ 1 1~.\ oil ' q V\ / j , Wn ^ . 1 i '^i i l i a ! . !-t a\ 1 a^Lo^l^il 

l^lmjj ipLallj <Lla]l 5JI jlj ^ 4il±i-<i]l 3jjjJat!iUlj 4jjjJa*JI 

J j! jJslI ^ V- jljJixVI CJjjjjLulI j\ (lAj JjVl “U-illAJ 

.(6.1 jl Ajj^^all CjLjjJmjaII A Ij j-r^. 

j! -liLci 5 c Ij jl ^fij (Jc.liij ^_i£- L ot . >1 ^ JXqJL^H JJ L ^1 ^\i 

jjij jjt 4‘nill tj^y is^ 1JI1 I jjjJjoJI ^_3 a j j j;..: (J£ jjjIj 



Cd<OH> 2 . CdCOa, CdS 1 j#=. ^,u^( 

J ji^,5UiLlS 




CdC!'. CdCI 2> CdOH* 
jx»j>u <ys u-W-' 



J3l»j 3J ilili --.- 



.UJl J) ji 



<LLbdjj <Lu J^lua jlJAa 4iUal J&j 5_ijUI ^ SjjjaJI u!ic-lij :6.1 JSJill 

i_a j^all SLa^ diljjla l&i 
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(Fermi questions) 



is* j? 



Fermi ^ Ailmlj ^a.uLj La <. (Jjj^a 0^*1 <J a^j <— ajjoi 
^ AoJaj^x-oSI (JjLolaIIj aHaVI cLLu^ aSIuiVI oaa aj_^I (jj •questions 

SAjAjoi j LaLoJ <kj*u* AlLLlJ jl AlLaJ*-a Jj SaIc. ^gliSI Jjo-aaSI AlLl$j 

CjLLaCk AlLail l ' ^L*V< . 1 aViA. -a 1 \ l ' Wi iA ^^0^3 (J| J ) 1 >' Lai . A^jllill A 

lg_l3 (J-AXJjaijj tSJl^C- ^ c3jj Aao3L-a 9 ^Jc. (_£A3I ^_^i3l (j-a 4 luA All^jAajj 

AjLsJ " A-OJ (jj AjJJjSj 0jLiL ^ J^^IS (JJxdll J (JalA^Jl L % nl> Jl AaIc. AlLajl*-a 

(_£aSI (j^^aaill (jAA ^jjAj La ^>>1 jj] LojIa Ajjj^jjJa j AlluiV "aLiSA 

6 jLuC.\jj .L_Aj£]| I Afc (JjVI (Jl JJ-U J^ 3-^J • AjAjjl jlull j L-lLal^JL ^ j£j 

.ia&3 3JUJI aAA AS U £■ jfi&j cVLLa 



<^»j* Jl>- 

jj^-aSI A£j^ ^I^aJ Ac. Lai s.Lji ^ (j) (_£aSI AjflJI jIaLa J& La 

?AjV%aW Alull ^ tilli ^jjjIj jA Laj ?A-JLa-ulll l^J^-al (JAa qa <1jAa Aj'sl n^ill 

?LjLjal ^>^.11 (jaiii lgJ AjjAa (J^.rskJ C _ S HJ\ tilSj £-a 3JUJI gAA AjLuiJ <_£Aa jA Laj 

. A-ojajj ^gj^iLa l^lLai A Ac> ^ cAjjAaII (J j) q * A \& ~ -v. •v " ^ 1 *nA l \ ^^1 lAij • 

(j-a IaIj t ^JjAC-lfliLaj (jjn*iA jl Ijlia^ ^jl %40 ! (j^S 4 cs^3l AAxll lAA 

.^l^A^VI Ac. Lui Cjl^Llui 1 jA jSj ^jl ^^^)-a3! JAC. 

Ac. Lai plil Clil^jLiui (JjAjSj ^jjajj-all %60 SI I L *Vi jji JJAii ^j£-aJ • 

•t5 >1 0^1 >V J o-jIaJ! Jj JlilJ cfc J\ (J-axll Jl ujIaaSS 4^UajVI 



jja <1 jl£ ^a 1! (Enrico Fermi) ^ ji jSjjjI JlkiVI Jjjjal! ^jail £ja Ig aj>J 1 ^aj£ A \ Util AAl!i 
j jjAiillj iA-alstll AjjaiLaiVi <3j*-a1I Jc. aIIoiI Iauu .^11 AljSaj JJjLj ^ J±& 

^t- 4sVV A a JLiUuil LS^-fi Alla)! ji=Aij .t_ll jaajaiVI dll jL-oj tALajual ALbJaL^ A_Laj-ul jj ^aI&IIj 

• c-il jaJI Jc J^JI V ^AiUall lK ^ </ ^Vl > Jij cLU.1 <i jL 

57 



ajjUu CjLJIj CilSjUl ^^ic. aJi (jj^j J (j^*j <jl lilli Jj <- ‘AjJij 

<^£11 CiU^I jjc. (jjSj lil .5 j1I 100000 ^jIjoli Iaj^c. <jl u^jjaj 

5jjc. uj^“ 0.1 ■!■ SjLjjj (jj^° 0.6 = 0.5 * 0.6 * 2 

JaJ jll »UAfl <> /s^ \ \ i ni l 1 ^ 9 l-»a**i ^**<\ 1 AbLuiaII vJ^iBL^aII ( j<\ t- j)** -**1 1 ^ vVa*^l l jj # 

1 $ * lo^i ^jW 4 jK\1 abLaaII (j jL*ij 111 . IjIa 15 cl)^ 

. joa jLS (jj^l-® 10.5 = 1 5 * 0.7 CjIjUJI 

10 (_£jLaJ ^ 4 aV*^ a 11 I^aI^^Ij Cjljiudll) ^Jsujj^II B jB jll g*i > nl ^j| ^j^aljjBljj • 

J 4 jjJ 1 100 000 jjSjU J£ll vikl^VI UJ^ 4 jlJ J£1 jla jLS 

• UJ^ 



<^B dll jLluill ^ jA^fc (JA ^BIxII (jldB (JAjJa oB-IxUaII dl jliJl J C.lA.AJAJJ, 2 kll JAj^I ^£jaJ 

.£j|^)JI i. -^iq\1 (Jj^a^lt i villi I L_fl jjalj tA-il^-all AjjJI ^ c-l ^Jl 0 J j^. ^jBj 



J^iui Loa Ijjj£ JSI ^c-jla^All CiliLuiAll j a£jVia!I CjIjUoJI bbc. <jIb cLjbjjbI La) 

4 JIIaII (Jjxuj ^C. . (jBaJI qii a^j±& dj^ J* 4-aJ ^jl villi Jl v— fll.jJra .1 . dVI^-ll ^h».A ^B 

(j£aj ^Hl\ c-ul^aJI .LaLu11i£ BBc- (j* I^jjj£ ^>^1 o^jAlill (jl^ui BBc. 

lg-l£j 4 Bj3^1Ij dl£ j^aJI j vdl ^Liuill ^l^jlj ^UaII 4» nli s-lj^JI dBj^. ^ JJjjJ 

.Aj£j^)aVI SB^IaJI CjLjV ^11 ^ Igjl^ilaj (jc. Liij^al c-l^jl ^h*A ^B L afrV* 



(In summary) 



4 -u£Ull 



.IgjxluA ^ J ^ <s A j Ajjj ^Uaj£ ^glc. Jj-a^ll 11 a SbIa cJaI^I 

c_Sjjaj t^A-uijLill Ajjj^ 4-mjUll j (AjjIaII <lnll^ ^LaIIj ^.Ij^JI Ja.} 2 k.A.ll villi /JAjJallJj 

. L_ii}jjl! I^j djllnll viilj ^-a (JaIxIj 
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^ ^LgjAVI fljjo) Lijli i <lix-o 4_mj ^xdjJaljx 4 jjjIjJ o^j 

La43 Uli^U (J-al ^xll jl (jiaxJ (_£^)j^)jJa3l (j<G tilli (Jxfilj ^A-IxjjLoiVI 



4-x.uiaIl (jc. <Lg^,UII CAj ^JajJaV 1 j dil jj^JjoJI j 6L_l}£jaJI I (7.1 (J^^l) (3^» 

4 qV*i-v A\ ^jjJal ^aII A_uj1 l 4_i^_1a 1I 4<ij^li\l ^j| ^ . 4_j^)jaa]l 4 ^jc. j| 

<-GJ (jl LgjIJ LijAi ^ (jl L ' 4jl Vj 6(J^xJI lg,A>lXj (jc- (J^XAJ Lpl^l 

U3 4_iaA| JSI jA Loj , Ig.-u^x.) Ig.jJ'axil hLftic.1 J Ig.nj Lo 43 Uajl^pj 



ljj| (JjlgJI ^^jJaj-all 11 a (_^o^,^j (jaj J (jl I nle- <jl ^A 6(jiajVI d^A (j* 

.0^.1 j A-olc- A44J ^ lan^-s tiijLuaj 




A_fl_i_ij^-ll_J ( j^y^l J&uj^ { £> *7*1 jiy^l 

^ Aajjj .^uuUll 4 _ujj 4 j il 4 II 4_m]|j ^Jl ^Ul 4 jj«uoII JjC'ILgJI j 

ljIjujJjj jj S jLua jj£j (jl (jLaj J-al jP (j^ iaJl L^i^Vi jj£1 { J&- ^ jL*i I 
.4_iaJl ljIIjI£] 1 ^ (j^ljxjj till; jjjb <Uii£ jl & IgJ 
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^ c- 



JjVI .>11 



t>ajSn ja. 

(The Earth Atmosphere) 



(jc- (_]£ ^_aj La -lie- 

Jc. J£j 

j'jj- 2 Cf- *cr^“ 

(j£. I .iutJ (JjkujJ! l_Sj>. Jjll ^3 



Whitehead (1926) 



(*) 



• 1947j 1861 ^Ic. jJJ (jSle ^UaJjJ Ljjvhkj t^aUj 
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J* 

(The Earth Atmosphere) 



AJ i j-aAa^I £jJal 

<LLIxg j A-laiuJa j JJ I ^ (_£ C_£yliJI 

4_babGJOill AjUalVi JjC-li-C • 

( j jjII J j jail • 

CjI jLuc .1 : diLLai^. • 
bj^. J ~ A-iJjjJa 4 jjLlgj£ I dL^lc-lij • 



A^iVn JA 1-2 

(The earth atmosphere- the air we breath) 

.Ijj^aj C^JJiAJoJI ^1 <C-j-g^»a3I L_i£Ij£ L_l^)3l tJ^)UaC. V 

Jd ©J j-g dljl£ ^^jII dlljliJI ^cj^aIIj (j^a^)Vl j a^)A^3l L_l£l j£ dl^3j 

(j-Qj l^ilal^J dliliajl dll^lc- (j-G dlLaU Q$\ l^-lS 6 Jj^j-g 3I £.l^aVlj tl^-jj£j 

(j-G l.ll^)3 <jj£j L_l£lj^ll tilij ^j-G (j£ C_L-£3 JJj . lg_iiJ Lgj 3 ^j]| dLylc-lijll 

Ig <ahar <Gl 4 jj£-g I Ai-baC- ^I^^l A-l^,^)ldJI L-J^lj^ll ^k ^.jjj .<C.jj 

.l$j j£j (jJAi C^^il ^glk-aVI Ig-U^JJ (j* (JJiiJI Vj Lf jJ^JI J 
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.J-alTO dll jlxll jA (j^ajVl J^J 

^ \c. La l au>>' Aj^jaoll ^ L* i‘i* *^ i ~ L*» a 4 tA >. \ 1 ^ *t 1 a i 

JiA <JLAj£^)A QAt.SlT) ^^11 I^A c-Lj^uSlj ^)Ja3 <•■ fluVl J] %0.3 



^jll CjI jjjjjoJI ^jLac-Jj (jjilll «liui£l ^Ij J ^^jLjj jl Ju^kjj U^Vl 

iS AjjobQjoJi <C- ja^ a\I l_i£I £. I ^^.1 ^j-o a Jjjaj iolpA] ^ 

.<■ il>ll jaJI a jS j diljlc. 4*jjl ja£V jjaILJI 1.2 JjiaJI 



( ,j^ t-ijilL jail Ajkdjjt ijll i^jUjLaII 1.2 Jji^il 



^JaIS Aj^IaII a_ua111 


<3jS-» 


78.08 




20.95 


(jia-Sl 


0.93 


jjC-J 


0.0378 


Audi ^15 



. l V. t* ’. ' jl (jialjpaL (liuV • i ^ILu^-a <^a i mixing ratio t j^ll • • - ^ jdljill ^ 

•%3.5 j 0.5 t>» (Jsl cw 0 JJ (j^ ‘ J OJ^-» 0“^ JJa*a 

Lujaj AjjIj ^ jumjll dll jliJI (2.3 o^saJI jlujl t j^ljj) ^7 ya ■ .»< ^ i 2 

dlljliil dlLaJuiiJ <£^JI AiUall (jl jA Cllfill IjlA <— Ifui j . Lu jii Ijua jld 80 ^Isiijl 

(^J I jlajj .(jia jVl £ti=LLU ^jll Igi^yJA ^l iS±$ (J <Jliii <_5 j3 /j] <jjljxi l _ g aS^ 

3_2 yjl ti . n j' l_iLajj^ (j^oj AjLs c AjjIj <iudj]l ClUjUl ?7 j>i jjl 

.jail M a (Average Molar Mass) 



jjiuijjjjjll (_,i *lj$Jl (Average Molar Mass) AJj^JI AHiJI kuijla 1.2 Jllall 

M a = M N2 x / N2 + M Qi x/ 02 + M * x/* + M C02 x/ C02 ( 1 .2) 
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£31^31 (jjjj’i'ii . (Jj£a AjuhiII S^)3 jilj A-J_£a3I aJj£J1 IaA f j M 

l ( ^ s \C’ ^ja I^)Ja ^li£ 80 ^liS^jl dl^j 



M a =28.01gmol 1 x0.7808 + 32.00gmor 1 x0.2095 



+39.95 g mol -1 x 0.0093 + 44.01 g mol 1 x 0.00036 



= 28.96 g mol 1 

(jja. jJiiSl (jjll liilj (j - AjjjS t A_i] j^oll A VX'l /jl 1 V+' Qj VI -'~^j 

.5LJa l^io 



^jlc. 4 nn/ijll jj£l jj I^jj OjILo _j1j£ 80 ^IsjjVI jja 

^IjJj 6 AjJ ijjJall AdljAjSlI Cjl J^JjaSI L ' 

I AA lilt (jSisljj C_ijjuj C A^,j ^ic. 

.J— ill 



^ IjjIj jjVI ALljJa3l CjIjUJI (jjfLi V tA nan^B 

cilL AJIjj dll^j^Aui Jjj AqVl'S a L-jlixul Jl tillj J^XJj ^Jaui 

.Lp j-ac. j liaal AsIa^a J^LLia ^3 Ja*j dal jlxll 



A^J.3 ^AXJ DLajI ^g-ic- I jl a"\C-\ ^Luasl AjtjJ Aj Jg ml (_j£aJ 

• 1.2 (J£ajiII <^3 ^LaisVl till} ^JjJajJ «^J Jj <Jiu»Vl (JA Jjx^all £a 

Aaj* 3 14 Idl^Aj LiIa^} A^jJ Jajoi jJa ^jLojj ^Jajai ^ja s-ldjli 

— 60 <_£ jLujj Aaj 3 li^jjd jaJI Sjl j^. A-^.j.3 ^jJaiaJu 287) IjjjSj A-Jj4a 

L-U^jill (jA £^21 I jlA i _ s -AulJ . 1^_)JA 15 <_£ jLuij g^liSjl dc. Aj^Ia A^^p 

.(^jLa^JjjoJI) AjjJ^H A limiVl ^lax.A ^jaul! (J%*J Clu2>. ^pa^)Vl ^Jaxu (jA 
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ja (jialL> 



.Ijio jl£ 15 ls ja 0 : (troposphere) • 

.^U3. jVI Si±j 

d J jaJt jIjJj .Ijio jbS 50 15 : (stratosphere) • 

.^lij jVI e-lbj £-« 

d J jaJI 4 a jj u ^Aa - S .1 jlo >Li£ 85 50 : (mesosphere) • 

.^lijjVI e-lLij 

4ajj ^ioji . jl« jLS 500 Jj*. 85 : (thermosphere) jaJI ^ jaJI • 




1 50 200 250 300 

(OilS) 



(JlSuli) 

(jJ-A&tj laLul t lj ft J jaJI 4a jJ Ol jJU £j> (jaJI) lSJ^' ublill ^jtalia :1.2 
Jjaij isjIjaII 4a jJ jaluaII JsaII Jjaj . JjI^I < _jaiaui3I ^IauiVI iliij 4 ji ujijil 4-jJLj «j<H 

• JssLuaII a t t 
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(J-aaJlj <_£aJI AjAjjJI jAj 4 L$J^-l 

^jijoijjl jouJI ^)jiuj ^jjjjll Ulxll AjAaJI (JLoj j -4 jKtl aJj£ qa Ijj^Sj %85 i _ g ic- 

ft J jaJI A*. jA jJu oUjI Aj3 Iajj ^aII ^lij jVI (tfOpOpaUSe) JJJJJJJJ <^-*-1*11 J 



^UjjVI SaLi^} <_£Ajj jjLoi J jl jluillj AllajuJI ^g-Aj.^jj IaA Jjjfl J . (JjjISoljVIj 

I jj-g 50 jLuij ^lijjl Aic. Ijj^j ajjIa a^,^a -2 a^^ja aIjaJjI Jl 



6^)1 ^)^JI A^.^)A ^)jju ^g-AJUlJj . Jjl JJjjJI A^lai* ^)jixMjj| jluill AjlgA (JIaJj 

aIjaJ c.\ AaIj£ (jAaliaAl j A^^)A aLaJ ^gJj l^lajj 

AjC.j . IjUjj'l 1 j^!L\xjij$ jjLoi J jl Jpjoill j (iLlXjJa ^^a 31 ^r U^iJ 



A^jA 66^1 A^^)A (jlj (jjjl£kX.ll (Jx<SL^J 6 Jjl ^pjolil Ajl^j 

85 (_^jIjoij ^lijjl Ale. aj^Ia a^ja — 90 ^ u^iM ^lijjVI aLjaJ ^ijaij^Lall 
cillj Jjja aIjA^VIj ftj^^ll Aa^jA Iajj j . AjlgA lAA (JaaJ j cIjo-g 

i_s ^ 500 ^jLoli ^lijjl Aic. ajjI* a^.ja 1200 ^j 

. U> jjo j &aa < s^UtJI >. /v\ 1.2 



aLIaII e-\ Aj^jAijA CiL^. jA Av^iVi lljl J] aLniV! <. . v>j 
I aI^ .^^11 lIsUjJ^J AjS^^JI AaUall l jc- jjjxj ^g-A iillj CjI^_jAj tAalj£]| 

4 a^ja ^UJ aJI*JI Cilc.lijjVI Ajc. a^^a \ i^aVum! 

ij±i (<al_la]l aJI*JI) CjLgaL^jII aac. 1200 C (jc. (Jsj A-<u3 Jj ^jLuil 

^j-o Ajj^jiJI c_a jjiJI lAa. I^ixx-a j£j c_fl^jai (JjjLjLgj ClalljJ)^. 



(Atmospheric pressure) 



(j j*l\ LLual) 



Aa.Luia]| A-oj-^-® AiJaAll aIISIII -P lift (jc- ^)JJLJ 

:2.2 ^gi (jAf<dl 

M e 

P°= atm f (2.2) 

471 r 

4(JI£jujIj 101325 (_ ^jLoiJj (^kjl ^Jaui) ^-laxu -lie. JasuJall jA P 

aJIajII (jc- ^^jLaull jA j t(^l^c. jL^IIj S^aLg) a!j£ ^a -^ atm j 

o A Ai^ Ljj^AJ CLuIj jIaLJI IaAj) 9.81lUS ^ Ajj-ia^V^ 

. 6.37 xlO 6 m (_^ jIjoljj ^jAa jVI j& r j jSf I ^Jajoi ^ l_j 
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(_£ jl ojj j 2»_i] A A VXll a aj A SylxJI o i—i j jjj Sal c-l_j 

. JjSla jaj L ^c. A^aal! oa* J-a»luij t—S^u: . Af atm = 5 . 27 xl 0 18 kg 



? jVl l*ji cJ jiJ! *!_*!! 2LJS1I itSD JaL> L. 



nj £a Iwxit jjjmj ^I^C- 

:U\$ *£**!! ISj 



P h =p-e M '* h i*T (3.2) 

AiC- Jai-dall jA .P j 4 ^)IjaVI-J -lie- JI^joiIJIj l^pLo -LuuJall _P^ 

^ jLujJj 4-bJajVl SJlajll ^jC- ^^U3I ^jLoull jA gj 4 101325 Pet (_£jLujJj ^)aa3l ^-laua 

j?JI -aUa>] ^jS AaJ^Jl ttOI ^ A/\ J <9.81mS 2 

T j sB.SlAJmor 1 K ^jL-yj jUll cJi j* R j <0.0290 kg mol 1 csjU*jj 

lil ^IjJjLua (JIHajS gJJJ <jl Jaa.V .K (jal£]L o j-IAa SjljaJI ^ 

. g mol -1 j y j * 31 <£& II djjSj ji* jIAIIj 

dll^lij (Jx^aau t^Vl ^}juiSLSI ^»1£a ^ Sj^aJI jj^Ja Jj 

I.1A j 4 4 q\"i-n. /\\ 1 \ 1 1^1 *< a f^A da C^l \ Lstjllj jj < ]»■** ^ A 4 \ \ e \ >. 

. 1 .2 LuLlJ ^da^A 



: j^La £j j! ^ j^aII uj^ ^jA <_£ j-^ H ^ », ti’qj 1 ,2 4 -ja*ujj]| 

jdu olajl (jAjJ ^^Ic- cillij ^aJIj jj! ^pjaill 



^JAjJa <Gjlj <JjolJJ^) 3I dll A-Djollll ^)JJI£a3I ^SLi Jj .^lijjVI £A Sjl^)^Jl 

jIjAaJI (JflJ t^lijjVI £a o>i'l ^jialiajl L-UjoiJj I IjJ-® 80 — 



. J& J£3 ^311^1 
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i— u£ jzl\ yh jjjb 2.2 

(Solar influence on the chemical composition of the atmosphere) 

^Laij-ojoll q -o t Jull ,llLo3l <j-o Jjlalla] ^jLuu^il 

100 Ai*i <iAi Lo 5-o 3 tA_Jl*JI djlc-lijjVl ajc. .^ajVl aLj^II j 

^jl ^-AXJ 11 a . 0.025 Pet Jai-iJalt (_£ jLaiJ ^jLai^ojjllJ j^o jil£ 

C>® AxjjI <_£ jLujj 5_jjLloj£]| ^..u^ ^aA.11 SA^l j dllli^aJI JAC-J 

Ail*. ^glc- 4 qLoa\ 1 oAA J J^. J ^laxu Aic. ^j-o 

aLoISL ^g-uiAjudll ^LljjjVI S-ViJra Jj t."il njaJl j 

L m t Jliall (Jjjjoj ^Ic. J .ASUall AJlc. A*_ujI o AA j . A_i^-aiill]l AxjuiVl (jxjJVn ^aII 

^Lq jib 100 A^.j-aj 5jjjLall A^UaJI 



jlo jjU 100 IjJjJa Aa AjC- ^LuiVI AiUa 2.2 JHJI 



: j A^i jJI AaUa ^.Laxt 



_ he _ 6.6xl0~ 34 Jsx3.0xl0 8 ms -1 
_ X _ 100xl0~ 9 m 

= 2.0x10 18 J per photon 



(4.2) 



(j-o A^ljll (Jj-oll AfiUa j£j (j-aj 

E = 2.0xl0“ 18 x6.0xl0 23 = 1200 kJ mol” 1 



jA-a ^jlj 100 AH^.j-o (JjJa L £jLaiJ C^ill ^LtjJuVL 5jj4i<a3l A^Uall c^jAI 

. 1200kJ moh 1 l 5 jL-u 
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.XVI ^jljj ■ (JjUall liA ijja AjIIslII dllaUal! ^jialuij 

I(_5 jLlII jail ^ £j4j jUaj lift 

N 2 + hv(k ~ 126nm) — > 2N AH ° = 945 kJ mol 1 (5.2) 

0 2 + hv(A~ 240 nm) — » 20 AH ° = 498 kJ mol' 1 (6.2) 

l^lxxuj Jal jj jiilUJI (JjjIa *Laj!>UI <aUa3l ^jl ^jJaljll 

CjI jill . A,<240nm j A,<126nm VjJa Ij ^J a j«.,« j 

Jj Ig-wiau JjXJj 6(_£^pll lg.lSk.iaiJ dlStijli C- A ill 

jLjjI Cjljj^aJt Jl cjljil! Ajjoij jIjJjj .^jlxll ^ NO II (JjijS o* l^j^-I 

LjjLobd dll^i jj£jj ^Jx-aJ Ijio jil£ 120 (J jLaiJ g^USjl .lie. j 6^lij^)VI 

(jSl t ^jA^-jjaill (j* ^)4 j£ IoJojI ^ jj j .(Jv>>n^y t Ijj^j 

(SJ^ O* l^Jj£ o' C5^1 5 JIai ^ i JaLg 0^ (-ft J^Iaj 

^-ia<aJ M a ^Jaxjjjll <j]j-a1I <1j£ 1I (jli cAj^p <11^. (jjfL Qj>*^Vl 

. jjiuijjjjjll ^ sjj^joJI 28.96 gmol 1 O* ^)3t.j>aal 

CjtjjjaJI JS (jjjlj LkJajI AjjolajoiII AiUall ^JailujJ (Jajlj^ll ^xu£ Jj 3iLiJalj 

^aJlj ^jLojj^iaII ^g-Axuj 111 .(8.2 j 7.2 o^ £, l^l) ^O^lj 

: ionosphere J itiJI 

N 2 + /iv(A, ~ 80 nm) — > N 2 +e“ A//° =1500 kJ mol -1 (7.2) 

0 + /zv(X~91nm)^0 + +e~ AH 0 = 1310 kJ mol 1 (8.2) 

Ailkll q* (standard enthalpy) lsJj=4' ls yi^JI ULmU liit Jia-V 
jjjb jV aiL. liAj t^jaJ ^jUJI jjU! ei^lc-lij k i»,-i jl (free energy) ojaJI 

<aUall CjIjjxj JJjb (Jsl jla-all ^-3 AaijJallj Sjl^aJI 
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(jc. j dllaUa C_flj yaj liJajl (_g jp^xtll 

■ 4/%h n'-N. \ i A A A 1* 1 1 i 

Jalidll dl'vlc.lij tyjllll AiUall c** H (J^laLi-o 

U ^ J] o J jail a^LA\ (endothermic electron capture) A ^ i S a d l jjj&tyl 

aJIsJI cA^^p c__uxu jA 11a j . Aj£^)^. <sUa j ^Ljajl 

JjSJ *LaJ 44<ilii<a\l (Jjiflj ^ $laJ! £-a (j£l 4(j^ajVl ^Jaxjj .(_£ ^lxll 

IU j 4 Igj-aL-aLal AiUa (J9l ^Ixxul (flux) 

.dlUjjVlj S^^AIaSI CjI <±ujjj 



(j-ft 6.1p^ ^^-uiAJuJI ^IxjujVI I All 4 ^iixjj J 

4^j^ji>^i^k'l Jc- ^lAui jj! jJjoJI ^^3 JUI ji t(O^) (j jjjVl J • 

(JaajoJI AjuujI i^y^\.j^ry\x,\ ^ic- jAj 4 ^jjAxj jjl ^ixJI (JjjS ^ L5^j 

liA ^JjjJ j . (j-o (jjjljj 4 _a^UI cillj (jC- 1 U (Jaj 

.A_p^l Jj ^£>\ IgJjla ^jl\ 4,** \\ y jaII ^lauaiU ^jxaL-saJ-aVI 

. (jiajjVl JaxujVl ^^11 (jAjJa 

6 jij Z(j;y*. J] 4. &&S U Jl (JaajoJI (Jjjj^ (J-saU-alftl 

: JUJI (Jc.li!ill ^ 4 .a-s ill SjLujIj Ia Jjjj-qj iS^y^ 4^j$ja ^JLa. ^ 



0 3 + hv(k ~ 325 nm) -> O* + O* (9.2) 

(jAiiL ^Lui jjl jjjoJI ^k (JaxuVI ^jiali^jl ^jluaj 

AiUall Jl^-a J jaII ^Ixxoyts _9^JI ^ 1^-jJaliij! 

(jlil \a\\ ^k 1 jl^c. (Jjjl UJ^J UJJJ^ 'g 
.(JixuVI Jj iliillj ^jt^jxTunVl ^ V tiJj 

. jjLoi J j J Jjll A-Li ..tuu.ti] l ClljjJjill ^_9^ c> l.jJajl AjujjI (j-o JJa ^jdalajj 

<xujLJ 1 4^jxajVi ^JajoiJ Ajuj^J\ cillj ^j-q L_Liiali 

CjIjIc- .iflUall A ks^hWA ^.1^)-^. ClL^kJ Ajtxol (J^xo 0^)1 Ax-aj j\ju 4 c-Ld! j 
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IaA dj|jU3l cilL aAIj tft^jAlwalt £.I^)a^ 3I di^j AjljoiVI um <J 4 nar a 

Jam C_lj3lj ^jjA. ^ *' ^Jl (j-aL-aJAV I I AA <_£A^Jj Adjani ^jljj £.Ia3I 

AjA^a]! Ajuj^\ jU-aaj ^ lUril g^UGjVI ALlAjl £a (Jjxi-oJI I AA (j-aAljJJj 
^ ^ua^jVl o. ^_j (JiLaj . Ljajl <^aLoll dll^liJI Jy£ jj /jl . ^>q\j 

liA jjj*jj ."greenhouse effect ^U.jSt ejjJl Jj*L>" Ci -a^ L aSjjLII tsllu 
yjll cjU jk^iVI J V] .(jiljVl ^ l«i J*j ^1 ;U f&j dU SLlft JjxLJI 
lAA ^jC- Aj^a 3I Jl Jjjadj L_fljjjjj .!>l*A ^jl£3l £jjjl| IaA JxJ (jl (j£aJ ^joq3I 1 

. (jAl!i3l (Jj-aaJI ^jjJaj-a]! 

SJU. dul£ ^3 «(j.jlj3 aJI^. <J A-a J aiA (JaJ (j^aj)Vl j^. (jl Jl dljdjVI L , J 
-ftbaJI ^C-Aj La La3j 4(_£^)^l ^)J-aLic. £a A^kjl A3 (j)y m^Vl (j£ (jl£3 6 (j.jlj 

Vj3 <j3l 4A_i3tx3l dllsLIaJI dlli dll j j^uaII (jA ^_)Jj£J A_aUa (Jjiajoi 3I JjJ c^aI J ^J3 
tiE^doil (jA dlljldll (j^AJ (_£A3I ^JjjJa3l L-JJ^jj]! I^-Iaj cAJ jj£a dul£ La! oliikll I^aC-A 

^Lijjj (j^J^£3l Au^l jlj 

AJajail^J (jj^^iil ^jl 6 (j-aLx-allAV I (Jj (_ < )AAjai3l (jA $Ajl j3l A3Ua3l £-tJa^Jj 

(JaIjxII oAA (_£Aj3j . Adlj £.Ljaa3l Jl (jlajVl (jC- (J^anVl j\ t Aj^l jaj^> dl^lc-lij 

. (J3A Qj\ jJ 5JU. (jiaJH AaLL dlli^lc. ^LLjl Jl AjlaI^-a 

(The troposphere) JJI 

^A L^ILoALia J j3l J 4 ^jAa^)VI ^.Liaj£ ^j-a^J ^Il3l £^bJa!jA3i ^Ja«.A ^Ltd 

(J*^J (jjll tojI^aJI dlljjaj 4<iialall o^A ^jia . jjiaijjjj^lj 1 1— iVi^ll I^A 

Jj t ^3Ull CjI^USjVI Jie. Aili£ JiSij A^)jlj t^jiajSfl j^Lam Ajc- Ail^ (JaI j UaI ^l_^JI 

^JajA ^ja ^j'Li n ^a3I S^aIuia A£ja. i t iu>n ^Ijjj Ja^. diljlij 

SaIa l$\ ^jIa Ia3 .^j^AjJ jl A^J J ^ jj ^lijai jJj jd3l Jj SaIc. ( xijjj ^jJa^jVI 

^IxJI c_iiSjl3l lAAj 4 Aj^. ^ J)a Jl ( xda^J jjiuj^Jjjj3l J aL J a SAa Jjj Ajjlc. 

J jAJI Aj^jAa3I A-LoljjJI dl^liJI ^ja^ dl jliJI ii33j ^jAjJaJJj . Iajj iI.V3a Jim 31 _^J3 
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iLuLiAiS jl LuLij^ jjjjlia.Vl jiij jjSIjiSI ^ Ajla-o 4_oJ (jl VJ .1.2 

1 liUj] s-lli. AlLal jjSjjll <LliJa SjjjS c-Lajl jLkj JaaJj 

j2*i ^^Ic-j ^jloJ cJj tAJj^la a.l« sjiloLa ^glij V 4<Jc.liiji] LllljUJI lilli <;Ajl2 

• A 1 -^** jl ^ < a 

£.1 jA CjU j£-g jL<uc-l 4 Jc- 2.2 (J (_£^>al a£lJ j 

jjiuijjjjjll $.1 <‘nx<a (j-ajL-aa Jc- g. jjJall (JjAall JaLaj 

AjjIaII \*\\ j a" \\ Ui«v JjjS AajjLall ^IjaII tilt lg_iA j^JI qa JJlC- 

. ^gJL<Luill L_Jaall Allalaj gAjjIAaIIj A-IjAaII J^lal ia\1 j cAxxmIjJI 



(j^a jVI ^Ja-ui j-a AjLIILaII jjiiujjjjjlH ^ajLuaa 4j jUa 2.2 JjiaJI 





jajAll 


tdujj£ 4jji£ jjjaiaL^ t^j;U*ill£ lSJ 2 *-} £-1* j* Aiia-a dLuxua 

jj-aLc. 


CjIWJI 


(jJJ.. jJL jllC t>) ^ jUc 


AjouUII 


^joUJj ^jlajjJa jl ^gjlaJ t.* i\ n>i i jLc- dlj^LJl j-a (Jlc- <_£ jJjou* 

(^jj\jj 




SAiAjj AjjoiaA 4juoiI 44_kiaiaAa 


S^jAioi AjjI^c (^lalAa 


aJbAij AjjoiaA 4jlAI cSjUla AjscuL <JjjJaC- j-o tA^llc. Ajjtj 


AjjlAa 

aA*j 


^jUl-o ^Lau) ii"nj<^\l QA <al*-a t,“ ll ^J*»> ^^Ic. 


^/'^''ull l il^a\i 

Jl^\ 





dale. It jV I Aic. A_u£jj j <_£ jail d£Ull S jl ja Aaj-i dl jlau ^jjj 2.2 Aj.uiji jll AjflUll 

^ J . dlc-ltj^l tilt Aic. A-IjoiajoJI AjuoiVI AsUa l&JAaj ^lill ClL^lc-llllI 4 at A *\\ 

Ala S^tc. <_£jall L_£)lx]| Jxaj jaj J C. ojljall AajJ dljuiu AliA j£j t jjLoijj j jdll 
. (Ja^l fijJj-atl ^jjAiaVI La ^LiiIujLi tLnd tt\j ^jLiaj£1I Ajj£jj (J*ajj jaII 
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4$ f ljLjLui ^ j 3.2 

(Reactions and calculations in atmospheric chemistry) 

jjS jj ljLujLS 

(Measure of atmospheric concentration) 

Cy* <3jIIa jaJI dj! jj£lj3 (JjAjSI a * {\a\\ (jjljJal! (jj£j V ^ 

4jjja£JI pi ja.VI (J-aadaLj 4jaJl (Ja SjJJ^ <iuij (Jjaj J&\ dl jliJI IaASSI . (jjjlill 

4 JjI jjoJIj A \\.^W j|ja1I (JaxHuia jA IaI li^Lk 4 jj^ljdU AJjIaII L_Luall J 

L-luull (jl Jc. V 6 J JA (JjjLuJI Jc. SjIc- aj£]| lilt 

4 u n *< 11 4_Aal_ft_ll £ ^LaxII i n** j . j^J| jidall <■ j * n < j| A ^ 1 1 i u .m\ 1 ^ o\ 

4(JIja3I cJ^* 1 ^5^ *(1.2 jJajl) (_£jaJI "^^)a3I 

78.08 a^& j! I^a .%78.08 jl 0.7808 <» il > '1 j^iwijjjjjll ^ (j^jjdill 
^ \*\ jAj . pIaII jla»j pi nutflj dljliJI ^ \Ay (Ja (Jja 100 (j^jjdill (j* Vja 
(101325 Pa ) (_£jaJI Jaidall (_£ jLolJ 3^*.x>a AiC- 4 (jA^, j jail! ^jaJI JaiuJall (jl LiJajl 



0.7808x101 325 Pa = 7.911xl0 4 Pa 



p/ >./ dl^jll AijUa (JaxAjaJ 4 A.x^aai^j a! 1 jj^ljAll dli dl jliJl (j-aaA Iaa9j 
4Ajj1a3Ij 4jjja£ 3I jA^ljoll L_balj jljfi, ^ic«J .£Ja 1I 4__Luli (jC- IJlc. ...(j*a 

(Ja*Jjojj 4J11J1 (Jaauj ^ic- j JaiuJallj dV jaII (jJ_uil AjsI^a dljLuia. 

• ppmv L^'l 4 " jjjia c>“ 4 j^.1 " 0 j4*l' ( ^a^ l j & jilt Cf- 

(jl (j;\ 41jjj2j 1 .7 ppm <— flLaJI jAiuijjjj!i]l ^ (jIijaII ^ja 

£)* ^ .^ >^ . ' 1 (jl iaa.V CjUjIa (jA J^a J£ ^ u'-^' u^ 4 1.7pmolA-c5 

a jIjaII (jJaj (_^ill ppm (JJ)j\a\I (Ja ** ppmv (JjJaII 

ft, I ^ ^ < l«t i n ^ ^ \\ 4 V;< ( 3^ A9 ' k - ^ ^ A^ < \ \ 1 a lA ( 3 -i J)~*~ \ * \ l-> \ < a < . (_JjI jAiM.ll J 

jjS jjII Ual£x ppmv (jj^» £y» & Jp-i jiiall JjS jjJI JjSj 4 29 g mol 1 csj^j 
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(JllLml ^ ojAa-Vl jjSjill oAa. j JLaajjoil j3j]| j-a °(j£j . 0.94 ppm ^.VVs'l 



. t ^gi <uLoJ CjLuLiaJlj diljliJI jj£l jj (jc. jjjuI! 131c- (Jan'inn 



■ ^j;7~ ■ ’’ ' J)-iS J} j ^3^ ‘ . OH ^ ^Lii! t 4 . 11 ^jJa jjj 



^ jaJI ufcUJI fjk lj) jlii) JjSi jj jjC. jjjxlll Alaxluba Jjjaj 3.2 JH4I 



JaijJaj 0 C .ije.) ^ jj£jj J-iia La 

?gL JLaxloiU (latm ^a.lj lSj^- 

t_yaLi Ltij . 22.4L jlill Jj-4' ^>-3 1 LSj^i ‘101.3 kPa j 0°C .lie. 

3 jgJI (j* jH Jj3B Lsj^r! ‘%20.95 3j$JI ^ <2kJ>0 ^JjoU £_£jLoiJ (_$3I (jjajalSVl 
: 0 0 — II jj£ uj^! . (j j-> » n5 l %20.95 ‘ Jj-o 1/ 22.4 ^jlc. 



(0.0446x20.95%)/ 100 = 9.35 xl0“ 3 molL 1 

o- Jj-B uV ‘32.0x9.35xl0“ 3 = 0.299gL 1 yl£j li* ‘UKj 

•U jt 32.0 lsjLjj j j> 1. 6^ 1 



(J-axiujJ^ ^3 C1 jIjjJ)^JI JJixj (JiLoJJ dl.1^. ^11 ^j-o ^ A-aJ 

i**l\ Aji.ti'sll La^Sj .1^ Sjjixx-a DJ_^j-all Ajj^JI (jJax.il o jlc. 

(JLwtHuil Cy* t^JjLui jl a jLrfi c** A^jui^s J£-uj c-a^lxll aaIxaJ! 

oJUik. J A_J j-a aIjS <j-a A-aj ^jju] AjV jjII Qc- ^nxlll aJj£ Clil.1 ^. j 

jl jUxll diLujo^ (JjjS (j-a ^gllSI A_dLdLa3l jjc. dl^U-u^.U 
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(Types of atmospheric reactions) £ijjl 



4 jL , o^Iaj A-Jtill L_fl^uj 

djUJI (J>UM 4 — * SjJOl ciiljiJ *.*J| (Jj3j •^)^ JUJ jjlj^jJlj Jjiul Jjjjjll L_£>LlII 

I^_i3 4-Lixjjauill djLL^JI ^1 ^j| j 4 nl jjq.i' ijjjjj]! Cj^Ic.Uj ^ a£j1u!a1I 

[_£ -ilxa ^JjJajJ 4.IXJ Sj.Wa aJU <jo^L1a]| (j-adaJJ jjoi j . dl^lc-lidl! C '^>nj (J^xu 

JjUS ^j-a A_i*_uJa dlljjjJjoi l^-Laj dL>lc.lij]| (^lc- J^laJL) A-al& A-alc. 

1 <J* -* Ij^Lo (j-adaJJ Idajl Aj^)dj dl 4 ^iixj jjl ^pxull ^3 Addij^ L)$J^ 

•L$J^ AjJ^. t — ^ j£-a Ajjlda dll jjjL Jl £_dadlj AjjdJl AJadjVI bA Jj 



(j^a. ^3 4 ^jUaj ^g-lc. 4 AjjoUJ^) dll J)I_C- dj^lc-lijll ^axJ 

A-u^lla ^.UjI ^gij .A^la-a £$1 j-a <iilda jJ^lLa dlli Luiti^l <_£^kl dL/lc-lij (jl 

<jl (J4^ J .Ajic<lij Ajjjlj dllj ^3* L . Wl|,< LS^ ^).)*-^l ^jdj 4 ^iLuJ^ j^)a]l L_ll£^p 

Jd La li&j 4^>ljjia jaju V l^ia Ijjj£ ^jli 4 !^. ©jJXx^a ^)j£Ijjj Sjj^.j-a dll JjlII oAk 

LAia.1 v >•> n dj^L&Lsj ^ Q j^-^. \ t ^ 1 < a & AjujI^^ LLiaJ . VU^M'l l 1 <\e.\ a**> ^ \g. 

■ Aiuu Cj*ilaJ 4i-N.fr u 4 ni51 u sjJa.Vl ^4aj i_S jjoij • JjVl 4.1 j‘|jJ-i 



4 j<j *1 J * Ij5l| uLLu^JI Ig-aj^U AjjaJi 



(atmospheric reactions where thermodynamic calculations are 
appropriate) 



^ulla.Vl jjSI JJ dlVi-^-B j-axj 4-aSLo AjSj^iljjJ ^xjjll dlljLuiaJI jjSj 

jjSjj tjllall cJjj^ Cj!ilc.lij jj^jj 

(jljia.VI Cll£ja-o j 4j]jlallj 4jtli^all 4 j3Jj]| j «(JjUliJI (JjjIj^ (jljfia.VI frljjl 

4j=ujj dllj j 4 ^l]]... l 5 jJI jc. ^Ull (lightning discharge) cjjlill j-l jijVI j ^141 

^-3 Jjj J-oll Jj^Jo4^flj Jj^> Jjii3l 



N 2 (g) + 0 2 (g ) — > 2NO(g) (10.2) 
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(positive free energy) ojjjS ij*. ka. ^ Jj£4j aSIL Jclil! 11 a <> gis j 

• AjjliJI AlLaJI (Jjj g -A'j^ .a' l^jLua. 25 C j J .lie. 



25° C NO(g) _U 5 jaJI Jjijail AiUa 4.2 JIUI 

<10.2 Jet£» i> 

AG° n = 2AG f ° (NO) 

= 2x 86.55 kJ mol -1 
=+173.1kJ mol” 1 

• 2 — 4-1 (j-o AG f ° (NO) A-ojS iijJ 



- Uj«v 0 CliL^. jJj a V- t-il A y XI V 1^1 



^jc. Jjj La j ^ i ^✓Tn Jc-liull 

Cj\_ia£ dA^C. d^)A su-a A (j ^ A-gaS (Jx^. (Jj (jl J^VU 4-jjj£-G]l 

* (_ja^_5^)aaS^ ^S\ (_j-q 



< 3 »>J Aj| J U t J J * J A^.j.i] ^j£-aj i (JAAI (Jj 4 " 

aSUJI Jij a^j .LjSS (2773 K) 2500° C^j Jl*AYI aJ^ ^ 

Aualiail Ajjl^jaJI ClLijia-all CjULuj cAjllaJI A^jJ .iic. o^pJI 

ajj-uIAII ^jiB ikyij .(2 -m jfcil) 5° j A//° AiiikJI ajJj^I 
(_5jLuj .Sjl jaJI bi. j^j jiiljj V A// ” j»A J (ji jj^j ‘ (298 K) 25° C .lie. 

.L_SJ^)*j]Ij jL-ail AjjaiUSlI AlLaJI /jj-. . .AVI j ^Jj-^ jjjjU A 1 1 liajS 



2773 K NO(g) 0)1 jilt * jaJ' SUfeM 5.2 JH4I 

:aS 5 U]Ij AG 2773 4 ''-“Ai 



AG 2773 = AH f ° (NO) -r (25 ° 0 -5 ° 2 -5 £) 
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